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A veling & Syed wai L 


(Branch of Agricultural & aka eee -Maghaeers, Ltd.) 
STEAM ROLLERS. ROAD SCARIFIERS, 
CONVERTIBLE TRACTION BNGINES 

AND ROLLERS. 1667 
TRACTION ENGINES. TRACTORS, 
STEAM CULTIVATING MACHINERY. 


arrow & OCo., Ltd., 


Y SHIPBUILDERS AND ENGIN BERS, 


GLASGOW. 

SPEEDS UP TO 45 a4 AN HOUR. 

PADDLE OR SCREW STBAMERS OF 

BroxeprionaL SHaLtow Daven. 

Repairs on Pacific Coast 
by YARROWS, ID, Victoria, ae 

SHIPBUILDERS, SHIP Raracnens AND ENGINEERS. 


imited, 


121€ 


Belleny, 


_) ohn 
MILLWALL, LONDON, E. 
GENERAL ConsTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Sriiis, Perrot Tanxs, Atk RxecEIVERS, STEEL 


Cum«neys, RIVETED STEAM AND VENTILATING PIPES, 
Hopptrs, SprcraL Worx, Reparrs oF ALL Kinps. 


R22 les Limited, 
Nouramns, IRLAM, MANCHESTER. 


FEED WATER HEA 
CALORI HRS, HY APORATORS, Row's 
CONDENSING, wrk HATERS PATENTS 
STRAM aan K ‘ 
Merrill's Patent TWIN STRAIN 


for Pum ms, 
ouemoe IA STEAM T REDUCING VALVES 


h-class GUNMETAL STE FITTIN 
ATER SOFTENING and FILTERING. 5738 





A. G. Mu2tord, Lt 


CULVER STREET WORKS, COLCHESTER. 
On Xomreatry axp War Orrice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 33. 

PATENT eS BOILERS 
UTOMATIO FBED REGULATORS, 
as su the 
tn ante Men eae 


Tel.: “SONDELA.” P.O. BOX 559. 


J arker, 


M.I.Mech.B., M.A.L.M.B., 
CONSULTING ENGINEER, 


Pretoria, 8.A. 


Mechanical, 





ning. 
ss Industrial. 
Ci timasete mt} Steam, 
HYDRAULIC and HAND. 
of all t: and sizes. 
GEORGE RUS ae & CoO., Lp. 
Motherwell, near Glasgow. 8307 
STEEL TANKS, a GASHOLDERS, &c. 
(Tthos. Piggott & Co., Limited, 
BIRMINGHAM. 7410 
See Advertisement last week, page 128. 


Plenty and Son, 


ang ENGIN BERS, &c. 
» ENGLAND. 


ank Lig BRE ope 
emegs 4 ee 4 equal to 


e Locomotives 
R. & W. HAWTHORN, LESLIE & y co,, i, a 
ENGDFEERS, NEwcasT.E-on-TYNE. 


MULTITUBULAR AND 
((ochran CROSS-TUBE TYPES 
Boers. 
See page 17. 82u5 


Petter Oi oe 


Manufactured by 
PETTERS Lo«irep, Engineers, RB has 
7 Gpencer- | opw ” Patent 
Sole Mskers:. Boilers. 


W. H-SPENCER & OO., Hiroum, Henrs. 
Ses page 15. 
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71454 
[®Vvincible (jarge (j lasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Giass Works, 
Manchester. Od 9753 








*| Tae Giaseow Roiiiwe Srock axp PLawr Works, 
MoTHERWELL. 


(Campbells & Heer, [4 
Gear Cutting. 
Worm Wheels cut up to 13 ft, diam. 


Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 


bhp Launches, or sakes 


Built complete with Steam, Oil a 
Motors ; or Machinery supplied. 


VOSPER & CO., Lrp., rte Wiishen, Senbestoun: 
FOR 7 
rop orgings 
write 
GARTSHERRIE < ety! emerge! & FORGE Co., 
50, Glasgow. 


Wellington Street. 1898 
QO Freel ‘A ppliances. |, 


PRESSURE, 
AIR, 
STEAM 


4547 











SYSTEMS 


FOR BOILERS OF ALL TYPES. 


Kermodes Limited, 
36, Tux Tempie, Dax Street, LIvERPOOL ; 


an 
100, FancHuRCH Srreet, Lonpon. 
NAVAL OUTFITS A SPECIALTY, 


Locomotives | Tank Engines 


constructed 
MANNING “WARDLE AND COMPANY, Loarrep 
: pe Works, Leeds Od 2487 
See their Illus. Ad it, page 137, last week. 


RAILWAY AND aauWAy ROLLING STOCK. 


=) Ht, Nelson & (Co. L 4 


4018 








Od 3383 


The ((ambridge and pa 


[2strument 


COMPANY, LIMITED. 


Works: Cambridge and 
New Southgate, London, N. 11. 


‘enry Butcher & Co., 


VALUERS axp AUCTIONEERS 
to the 
BNGINEERING AND ALLIED TRADBS. 
ALSO FOR 
PLANT axp MACHINERY. 
63 and 64, CHANCERY LANGE, W.C. 2. 





8104 





8134 





Klectric Fransporters. 


8. H. HEYWOOD & CO., LTD., 8143 
REDDISH. 


K lectric : Sud 


(UP TO % TONS.) 
8. H. HEYWOOD & O0.. LTD., 
RUDDISH. 





Puller, Horsey,Sons & Cassell, 


SPECIALISTS 
in the 
SALE AND VALUATION 
PLANT AND MACHINERY 


ENGINEERING WORKS. 
11, BILLITER SQUARE, B.C. 3. 
Iron and Steel 


f['ubes and ee 


The Scottish Tube Co., Léd., 


Heap Orrice: 34, Robertaon Btreet, Ginagow. 
See Advertisement page 113, Jan. 9. 





an (jem Process” 
[_pbnecating (js. 


WORLD-WIDE: PATENTS. 


So_e PRopRIETORS : 


Henry Wells 


il, ae LONDON, 8.W. 1. 


Railwe san Bn Som saa 


WRLDLESS CHAINS, Lnp., Coatixiage. 








Oil Co.,|D 





(['ubes and Fittings. 


Qtowarts and Lovas. | Pree 


Glasgow and Birmingham. 


See Advertisement page 134. 8187 
CARBON 


Y #trow Patent 


ater-tube oilers. 
168 





Matthew peu &(%. L@ 


worxs, Dumbarton. igs9 





COez P lants (proxipr 


for Chemical Wks., Mineral Water Mfrs., Breweries, 


and all other .— Axratorns Lrp., 109, 
Victoria St., sw 1 Re Pranspark, London.”). 


. W aterloo” [lire }{\xtincteur 
the Engineer's machi Com pressed CO*. Noacids 

Nostkalie Tnstootanetes. A Automatic. -Burvisu: Pru 

Appiiances Co., Ltd., 109, Victoria St., London,S.W 

A PEWAYS, 


teel 





VAYS, © 
astings. 
alternate week. 
+ ABERDEEN. 


See dis advertisement 
yOnN 5 surpass & 
[the G lasgow Railway 
Tegeoning Company, 
GUVAN, GLASCOW. 
London Onice—13, Viet Victor! ) 8. we 
RAILWAY canMUAGn W. We “ON, & TRAMWAY 
Ww. LES. 


&ix 
CARRIASS. WAGON t sONWORKS, also 
AXLE BOXES. 


weeee acted & Knott, 

Lrp., Uonsulting Cement Engineers, ADVISE 

GENBRALLY on posceoet Cement Schemes FOR 

BNGLAND AND ROAD. ADVICE ONLY. 

Highest references. Estab’\:.:..' 1890. 

Address, Bunver: Avenue, Huu. 
Cablegrams : “ Rnergy, Hull.” 
OHANTIBES & A‘ SLIBRS 

A ugustin - ‘VY ormand 


~~ 
67, rue de Perrey—L® HAVRE 
(France). 








7991 





3800 

Destroyers, Boats, Yachte and Fast Boats, 
and Submersible Boats. 

NORMAND'’S Patent Water-tube Boilers, Voal or O11 
Heating. Diesel Oil Engines. 


Rubber 


Hose 





MANUFACTURERS 


Steam and 
Air Drill 


GUTTA PERCHA & nae rg 
Toronto 


A CO., Lrp., 
"| 8, Guemrwien, LONDON, & oe. 10 (dat Birmingham) 


Uaioe Pall Pose Aivt., page 78, Jan. %. 
Freorwings. 
wee Gomers & Co., Ltd., 


HALESOWEN. 7116 
“Pplte” 








Brand ENGINBENING ALLOYS. 
ry Sheets, Wire, =~ 


Miaylor & ({hallen 


Presses. 


TAYLOR&CHALLEN, Lo., Engineers, Binmineaam 
See Full Page Advertisement, Jan. 9 


Railway 


G witches and 
C rossings. 


T. SUMMERSON & SONS, LIMITED, 
DaRLIN@TON, 

P & W. MacLellan, Limited, 

¢ CLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 


Chief Offices; 129, Trongate, Guascow. Od 6547 
Registered Offices: 1084, Cannon St., London, E.O, 


M2chine and Engineering 

Manuitea By of Paleniees, so. Also ea for 
a) rera, Paten 

ROB 


Best work. ewe ay be 
& SnUsen jae Abt Rossen | 
ew PA’ ai Ruseutt, 1 


sla arvana Wh 
st e 
from firms work atk ape 


921 


8196 




















$0) °°EAe 2 Cranes. 


8143 
8. H. HEYWOOD & OO., LTD., 
REDDISH. 


Locomotive > re 


81 
8. H. HEYWOOD & & OO., LTD., 
REDDISH. 





R Y. Pickering & Oo., Ltd., 
e (Ber aBLisuED 1864.) 

BUILDERS of RAILWAYCARRIAGHS &WAGONS. 
MAKERS of WHEELS and AXLES of all hinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 


London Office : 8353 
3, Vicronta Street, Westminster, 8.W. 





Dredging pleat 


OF ALL DESCRIPTIONS, 
FLOATING Coane. me ory BUNKERING 


Werf Genrad, HOLLABD, 
Agents: MARINE WORKS, isp., Parars House, 
39-41, New Broap Sr., LONDON, ae3. 
See half-page Advert, last last week and nezt 1528 





iesel Driven Generators, 


400-500 Kw., D.O. v 
R.P-M., in excellent conthtion,-“L Engl aE ae 


Bngines and Dynamos could be sold separately. 

500 Kw. Parsons TURBINES, 

complete with Spare Armature 
JENNINGS, 

West Walls, Newcastle-on-Tyne. 1969 


Also TWO 
230 Volts, D.C., 
and Condenser. 





Comntocls 
Pott ((asecls & WW illiameon, 


MOTHERWELL, SOOTLAND- 


7840 
See half-page Advertisement page 99, Dee. 6. 
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2 
the Manchester Steam Users’ AUCKLAND, uw at OUR BOARD, METROPOLITAN BOROUGH OF HUDDERSFIELD TECHNICAL COLLEGE. 
‘ HAMMERSMITH. ines 
ASSOCIATION parece *) ike 7 
Bos the of Steam Boller Hxplosions and d Ges 1 for: th ELECTRICITY DEPARTMENT. plications = Invited for 
of Steam. 9, Mourr Sraexr, ‘Rascusores. ren ers are vi r the WIRING OF SMALL PROPERTY. CHANICAL BNGINEEBRING. ‘giaitial salary £400 —_ 
Onief Bngineer: C. B. STROMBYER, M.I.0.B. SUPPLY and er of ene AH 2) Oo ‘1 Desi to be | :Further particulars — 
Founded 1854 by Sin WILLIAM FAIRBAIEN. ate ry oo8 eee 3 A me, sprees oa 7 : a uncl re tion to SECRETARY. ‘Teoke Technical I” Ooh 
wonrtifcates of Balety issued under the Faotory and | £7 ores 0 tT ie B, 4 FFI G ween RISH BD with PARTICULARS of | Huddersfield. C as 
. “ yy ae SPECIFICATIONS can be obtained at the Office of - atencters ase prepared 
ef may ted sed fod ene: Bngines | Board on payment ofad . yeeturmabie) | & to submit, omeass for popes to be cheme. in UNIVERSITY OF BRISTOL. 
F > of Two Gutineas. Drawings ers be seen only at the- ~ Further ba a mav hoy obtateed on a FACULTY OF P ENGINEERING, 
he National Foremen’s | gf the Bear's Agen: | oR, Lap.. cation to "Mr. G. @. BELL, Borough, Blectrloal 
IATION oF THE 18-19, Silk Street, Wnginer, Blectrici y Department, 85, Fulham t t E 
BNGINUBRING AND ALLIBD TRADES. oe, Lomaom, m3. | Panes eat O a ue sesempented [»s ructor in Engineering 
under the Trade Union Act.) Tenders to reach Auck noon on Sept. Ist, | woncletely priced schedule far cit maceonre DRAWING. £300-£25-£350.—For oc Sortiveiane 
1920 The CHAIRMAN, Harbour aeabarten y = be delivered toe nd and form of application send at 
An Association specially f formed to look after the | Auckland, New Zealand. 444 Aocseh = Witten Pre 3 ne addressed foo envelope to the REGISTHAL SG OF 
interests of Foremen on Supervisory Oapasity. — Tone _e 1990. O|/THE MERCHANT VENTURBRS’ TROHBICAL 
—— C THE SOUTH INDIAN RAILWAY COMPANY, | 7¢® 4-m., on Turspay, h JANUAR, co. , Bristol. 
All communications to— Head Offices— pLiMIFED, dons Chak 
EW. Basan! A 81, High oe a Town Hall, Hammersmith, W. 6, : DUDLEY EDUCATION COMMITTER. 
We 6th January, 1 1920. C 168 





he Concrete Institute. 


AN INSTITUTION FOR STRUCTURAL 
ENGINBERS, ARCHITEHOTS, &c. 


EXAMINATIONS for GRADUATHSHIP and for 
SOCATE MEMBNESETY will be held at the 
offices of fe 18th and 14th par wl 
1920, a ppliention and full 
may be obtatned fon the SECREBTAR an 
House, 296, Vauxhall Bridge Road, London, rs. 1, 

William Stead, 


M r. 
M..L.M.E., M.1.B.E., 


has OPENED an OFFICE in Manchester at 





tena for "the | Su Supply of :— 
pee = P 

of Tender may be 
obtained atthe Companys 's Offices. 

Ly and Directors 
of 3 “South Indian Railwa we Ks, Ltd., marked 
**Tenders for Steel Boiler tes,” must be left 
Wed the — ned not ag than Two p.m. on 

nesday, the 4th February, 1 
a charRe. which will not be returned, will be 
for each copy of the 8 Specification. 
Copies of the drawings may be Somme at the 
office of RopertT Waite, Esq., M.Inst.C.B.; Con- 
eae Engineer to the Company, 2. Victoria 
Street, Westminster, S.W. 1 


y Order 
a W. B: REYNOLDS, 
for Managing Director. 
Finsbury Pavement House, 
London, 


9th January, 1920. C 875 





DUCHY CHAMBERS, 4, CLARENCE STRERT, 
ALBERT SQUARE, 


from which he will conduct his Practice of 
Consulting, Mechanical and Bilectrical Bngtneer. 


Mr. Stead has a wide experience in the utilization 
of Waste Gases from B Furnaces and Coke 
Ovens, their cleaning and subsequent use for 
Power and Heating purposes ; also the utilization 
of Waste Heat from Furnaces, etc., in Boilers for 
Steam raising. 


He has an extended experience of 30 years 
a Sestgner, manufacturer and user of all ‘ype of 
oP lant, and undertakes their regular wr" 

m, also valuations, and the preparation 
Spensenten, poor ps and Estimates for new 4 

and dditi to existing a 








[2#. C.E. Exams.—Over 300} * 


suecesses by Correspondence Coaching. Several 


. 8 
~ and ad Quantities) A few os sg 
Address, 7434 Offices of INEERING, 





(Nortespondence Courses for 
B.Sc. egy ee ALL TECHNICAL 


Brame. Special urses ‘Bingle Subjects. 
Fees moderate.—For eons! ulars apply to 
Mr. TREVOR W. LLIPS, B.Sc. Honours 
Be SFOS. ae Sis, Suations Chambers, 

th John Street, ‘une 8071 





[= C.E., I. Mech. E., B.Sc., 


and all coring enpetnations, —Mr. G. P. 
KNOWLES, Assoc. M. O.K., F.8.1., 
M.R.San.I., ‘PREPAINS CANDIDATES personally 

or by correspondence. Hundreds of 
Courses commence at any time.—30, ‘Vistoris 
St., Westminster, 8.W. 8072 


Epgineering Special Classes. 

Wirelen ine & Aero- A mg, ler pes. 

Matbs. te Onioclane ENNIN = 
Gaivcrei Tutors, 954, Oxford Rd., M 


(Soaching (Personal) for B.Sc. 

and eats papincering Seagtestion by well 

_— M.1I. Meo! —Address, © 964, Offices of 
RNGINEERING. 

















TENDERS. 
COUNTY BOROUGH OF WEST HAM. 
REFUSE DESTRUCTOR. 
The Counell her hereby Invite 
oi for the = Ee ly an 
BRECTION oi a ts RUCTO 
= STBAM-RAISING P a connection 
i Gacning =" Station Genivind 





fre petal . Town Hall, West liam 
B. 16, upon es at a deposit of 21, which will 
be on pt of a bona fide Tender, 
Nors.—No will be considered unless the 
same is delivered at the Office of — Town Clerk, 
Town Hali, West . B. 15, in the en envelopes 
supplied, by registered not later that 4 o'clock 
P-m., on Tuesday, 24th , 1920. 
The Council do not bind themselves to accept the 
pects BL The Contractor will be 
to into a bond, with one surety, for 
the due performance of the Contract, and no work 








EDINBURGH CORPORATION ELECTRICITY 
SUPPLY. 


The Lord Provost, Magistrates and Council invite 


[lenders for one Overhead 
TRAV BELLING CRANE to Specification No.24, 
Portobello Station. 

Copies of the Specification, Forms of Tender and 
Drawings can be obtained from the Engineer, 
Dewar Place, Edinburgh, upon payment of s 
deposit of 22 2s. Additional cagies of the Specifica- 
tion can be obtained upon payment of a deposit 
of 21 1s. for each SORT cas Deposits will be returned 
after receipt of a bona ender and on return 
of the Specifications Se drawings. 

wae : So and drawings can be seen at, 

t obtained from, the office of Sir ALex. B. W. 
KENNEDY, 11, Victoria Street, Westminster, Lon- 

Tenders, on the prescribed form, enclosed in sealed 

oe, and endorsed on the outside “ Blectricity 
Supply, - Tende? for Specification No. 24,” must be 
ered at the office of the undersigned net later 

than 9th February, at 10 a.m 

The Couneil do not bind themselves to accept the 
lowest or any tender. 

A. GRIERSON, 8.8.0. 

City Chambers, Edinburgh, Tewn Glerk.. 

12th January, 1920. 





«be 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(FURNITURE SECTION.) 


BAKERY OVENS FOR 6ALB. 


[renders for the Purchase of 


the = will be received up to FRIDAY, 


JANUARY 30t 
». DRSORIPTION. 

A number of ‘‘ Collins” Improved Double Decker 
Drawplate BAKERY OVENS ae type), 
capaclty of each re chamber 10 ft. wee 

Nee at the R.B. STORES DEPOT, EATHER- 
LE ICHBOROUGH, Kent, in sections, packed 
in cases, &c., as delivered | by the makers. 

Tender Forms containing a schedule of the parts 
comprising an Oven and which will serve as a 
Remi to view, may be had on application to the 

ONTROLLER, Furniture Section, Disposal Board, 
18, —— Anne’s Gate, London, 8S. W.1. 

Nore.— For particulars of "other Government 
aly y for Sale, see Surplus, price 3d., at all — 
stalls; or by quarterly subscription of 2s. anh, 
Enter in advance to the Director of blicity, 
ad of Munitions, Whitehall Place, santas. 





CITY OF EDINBURGH. 


NEW PUBLIC WASHHOUSE, 
CAUSEWAYSIDRE. 


To LAUNDRY ENGINEERS, 


The Corporation invite 


\chemes and Tenders from 
Laundry Engineers and others for the Engi- 
neering Equipment of a new Public Washhouse to 
be erected at Causewayside, Seen | new Steam 
Boiler and other relative plant, all in accordance 
with Plans and Specifications prepared by the City 
Architect, Mr. James A. WILLiamson, A.R.1.B.A., 
Public Works Office, City Chambers, from whom 
the documents may be had on personal 


and others. 





nae BOROUGH OF 
HAMMERSMITH. 


ELECTRICITY DEPARTMENT. 


SUPPLY OF REFRACTORY MATERIALS. 





The Council Invite : 
enders for the following :— 
Materials “ap spe for 


Boiler 
Furnace work, 
(i) Supply ‘ond delivery only of Refractory 


setting and 


aspen nh ordinary Brickwork, 
8; or 
(ii) supplying, as in (i), and executing thé 


uired in setting a 

clase 38/18 Stirling Bolles: — 
(iff) Executing the wo, as in (ii), only, 
the necessary 


thout supplying 
ma Is, 

Specifications and Forms of Tender may 
obtained from Mr. G. G. BELL, Borough Blectricel 
ee 5 Mloctricity Department, » Fulham 


Sealed Tenders, endorsed ‘ Tenders for spemsers 
Materials,” must be delivered to the undersigned 
pad lates than Ten a.m.on Tuesday, 20th January, 

LESLIE GORDON, 


Town Clerk. 
Town Hall, 0 ay W. 6. 
6th January, 1920. O 767 


«Bi 
TWIN SCREW VESSELS FOR SALE. 
WITHOUT MNSABROAD. AS TO SALE 


[the e Admiralty | have for Dis- 


N Ltd ,,V BSSELS 
ay _. ” “ FAIRFIELD,” “RE 
Boats are n 





ered ew and pena Tellows i= 
Length between Peers tes t. 
Breadth Mould: <o wee a = 
Depth Moulded t. 3 in 
Goal bankers fall ow . 180 Tons. 
16 Knots. 





diameter, M.P. er 2i} in. diameter. 
LP, oylinder 21 in, 
1.H.P.—1100 each engine, 2200 ne 
ship. Revol —.. 
BOILERS.—Yarrow, type, coal fired. 
Twe in No. each Bg 





application on and after Monday, the 12th curt. 
chemes and Tenders must lodged with the 
Subscriber by Four p.m. on Monday, the 9th proximo, 
in official vt to be supplied, sealed and 
marked outside ‘* Tender for Laundry Engineering, 
Causewayside Washhouse.” 
The Town Council shall not be bound to accept 
the lowest or any Tender. 
A. GRIERSON, 


Town Clerk. 
C 881 


City Chambers, 
Edinburgh, 9th January, 1920. 


THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 





The Directors are pre} prepared te receive 


Nagai for the Supply of the 


following STORES, namely :— 


Fee for Spetentien. 

* Steel Work for ae ove 
2. Zinc Sheets, &c. * i 
3. Spring Steel .. 5/- 
4. Ropes, Twines, &c. 10/- 
5. Carriage _— ‘Handles, iiimges, m= 

&e. sl 
6. Canvases, &c. ees ves eee 1 
7. Linoleum - we 7/6 
8. Drawn Brass Angles, &e. 5/- 


Specifications and Forms of Tender may 
obtained at this Office on payment of the fee for the 
Specification, which payment will not be returned. 

cane fee should accompany any application by 


ge must be delivered in se te envelopes, 
sealed and addressed to the undersigned marked 
** Tender for Steel Work for ridges oe or as the case 
may be, not later than Eleven o'clock a.m., on 


— the 27th January, 1920, 
> Denes 6 do not bind themselves to accept 
the lowest or any Tender. 


R. H. WALPOLE, 


Com: 's Offices, 
Pee Oopthall” Avenue, B.C, 2. 


London, l4th January, 1920. C 957 








APPOINTMENTS OPEN. 


Large Firm of 





CTS | to 


inte lands bave an OP ING for s 
YOUTH of the 
course te ade both works and drawing ofice.— 
Address, 4369, Offices of BNGINEERING. 





TECHNICAL INSTITUTE, WALTHAMSTOW. 


eter. spe oiages G. B. Epwanps, A.M.LM.E. 


¢ Governors invite 


A! pplicetions for the Post of 


CHER of ENGINEGRING SUBJECTS, 
Candidates 


, Branch Reom Avenue House, plication ret: 
Northomberised ae, cae: “a Sag from R. DEMPSBY, 
Tenders will be received up to TWELVE o'clock Clerk the prema * . 
noon on Monday, 2nd February, Cos W , B17. C 900 





TECHNICAL Si SCHOOLS. 
Principal—J. H. Grindley, D.Sec., M.I.Mech.3, 


The Committee invite 


‘Applications for the Post of 


HIBF LECTURER in Mechanical Engi- 
pi “A the Technical Schools. Candidates must 
anapee ree in seneetias or its equivalent. 
“Commen g salary £4 
Fart! ulars aa “pe obtained from the 
PHINCIP Applications must be made on forms 
supplied by the undersigned, and returned to him 
not later than Se J Windle. 29th. 


Education Offices, Director of Education. 
Dudley. OC 899 





BOOTLE BDUCATION COMMITTER. 
TECHNICAL AL SCHOOLS. 


Required, for Du DutyonIstApril, 


1920, a FULL-TIME TEACHER A the 
Technical and Junior Technical Schools. 
Candidates are required to have had works and 
drawing office experience in an engineering works, 
to be graduates holding a pure science or engineering 
degree, and to have had teaching experience. The 
duties will cover eight day and two evening 
sessions, Salary £250 per annum pending adoption 
of new scale. 
Soeeiens should reach PRINCIPAL, Municipal 
nical School, Bootle, Lancs., by 28th’ February, 
1920. Further information may be obtained, on 
application to the Principal. 
9th January, 1920. C 905 





THE POLYTECHNIC SCHOOL OF 
ENGINEERING. 


309, Regent Street, W. I. 


Reguired Immediately for 
yi Bg me oy STAFF, 
WHOLE TIME ASSIS . Honours Degree or 
equivalent. (Day and Rvening work, Ten Sessions). 
Commencing salary £225-2£315, rising to £440 in 
accordance with the L.C.C. scale for Technical 
Teachers. 
pit lication forms may be obtained from THE 
TOR OF EDUCATION. 
DiBackoee stamped addressed foolscap wom: ». ™ 
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LONDON countE COUNCIL, 


AP pplications ar are Invited for 

the POSITION of PRINCIPAL of the new 
training centre for disabled sailors and soldiers in 
the electrical and engineering trades at Hackney 
Marshes. Salary at the rate of £600 a year. Pre- 
ference will be given to those who have served, or 
attempted to serve, with the forces of the Crown. 
st the DIVISIONAL DIRBCTOR of IN- 
DUBTRIAL TRAINING, 1, Temple Avenue, B.C. 4. 
(Stamped addressed f foolsca envelope necessary.) 
A form giving particulars will then be sent which 
must be returned by 11 a.m. on 24th January, 


1920 
JAMES BIRD, 
Clerk of the London County sag 





utomobile Research Asso- 
CIATION: TECHNICAL SECRETARY- 
SHIP. Salary not less than £1000 per annum, 


be| terminable. at three months’ notice. Ofhce in 


London. Applications must be made on the forms, 
obtainable ry written application, BOX Ne. C 839, 
Offices of ExGINEERING. 
CITY OF BIRMINGHAM. 
WATER DEPARTMENT. 
APPOINTMENT OF SECRETARY. 
The Water Committee invite 
A pp. lications forthe Secretary- 
IP of the tion Water Departmen 
The so ened cathe subject to the contro! of 
the Water Committee, have —_ of the commer- 
cial and financial side of the De t, and —_ 
have a sound commercial train no with a 8 
experience in some mercanti =, momutnctaring ng 
or water supply undertaking. He will be requirec 
ve his Slele time to the duties of his office, 
must not engage in private work of sny en 
The appointment will be terminable by either par 
at any time on three m 


as ill be fired to cor- 
successful candidate w requ Schem::. 





Bach application be endorsed elo; 
e et of ree te tet reach this 
C. WiLSiAKE, 
Council House, 
C ha* 


sad December, i919. 






stitch pam Saran 
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impossible to meet this requirement in practice. 
Contrary to the case of a journal bearing an angular 
error on the rotating part can be corrected by the 
use of a swivel seating on that part, as there will 
then be no tendency to creep. This condition is 
seldom met in practice, but Fig. 17d is an example. 

In some cases the swivelling seating of a thrust 
bearing has to be arranged to correct the angular 
error on the stationary part progressively during 


THE PRINCIPLES AND PRACTICE OF 
SWIVELLING BALL BEARINGS. 
By W. E. Baxtr, M.C., B.Eng. 
(Concluded from page 39.) 
2. Trust BEARINGS. 
(A) Single Thrust. 
THE question of distributing the load over all 


Fig.11 b. 
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the balls in a thrust bearing is of importance, | running; this condition will be met where the shaft 
because the design assumes that the balls take is revolving on plain journal bearings, which will 
equal proportions of the load. 

Fig. 11a illustrates how the whole of the load is | varying position. 
carried by a few only of the balls if the housing | the swivelling seating to the shaft, the swivelling 
is not at right angles to the axis of rotation. 


Fig. 116 illustrates how this error is corrected by | without “stressing the balls. No journal load must 


wear and cause the shaft to take up a continuously | 
Fig. 12 shows how by journalling | 


movement is enabled to take place progressively | 


same manner and Fig. 13a shows one method of 
accomplishing this. It should be pointed out that 
extreme care will be necessary to obtain adjustment 
of the mounting to ensure that there is no end play 
allowed on the shaft, and also that the balls have 
not been nipped by tightening the end covers up 
too much, A similar type of mounting could be 
used with a double thrust bearing having three 
races only (the middle race having a smaller bore 
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| than the two outer races) by means of splitting the 
shaft as indicated in Fig. 136. 
3. ComBmnED MounvTrnas. 
(A) Using Swivelling Bearings. 


(i) One Journal and Single Thrust per Housing.— 
| The combination of ball journal and ball thrust 


the use of a spherical seating. Similarly to the case be taken on this plain bearing as the consequent | bearings to allow of swivelling movement is easily 
of the journal bearing, an angular error on the | Wear would interfere with the concentricity of the | accomplished. In the case where only one journal 


revolving part cannot be corrected by the use of a | Stationary thrust race. 
spherical seating on the stationary part, as swivelling | 


(B) Double Thrust. 
would be necessary at each revolution, and it is | 


A double thrust bearing can be treated in the 


| bearing has to be accommodated in each housing, 
it can be done by the use of an annular swivelling 


| bearing and the use of a swivelling seating for the 
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thrust bearing struck from the same centre. Fig. 14 


illustrates this type of mounting. 
(ii) One Journal and Double Thrust Bearing per 

















is rounded to carry an independent swivelling 
member which supports the lower race of a thrust 
bearing and holds the outer race of a journal bearing. 





Fig. 18 b. neiedé 














the thrust bearing below the spherical seating. 
The fundamental error stated in the preceding 
paragraph is still uncorrected, and the thrust 
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Housing.—The above method can be extended to 
the combination of a single journal bearing with a 
double thrust bearing. Fig. 15 illustrates the 
general. type, care again being necessary in the 
adjustment of the thrust bearing. It will be 
noticed that in this particular type of mounting the 
end covers do not swivel with the bearings. They 
must therefore be bored with a wide clearance 
about the shaft. 





(B) Swivelling Mountings. 


(i) One Journal and Doub‘e Thrust per Housing.— 
Although a swivelling mounting calling for one 
journal bearing only in each housing can usually be 
arranged as indicated in Fig. 15, it is sometimes 
advantageous to use a non-swivelling annular 
bearing mounted in a swivelling housing. Fig. 16 
shows a mounting of this type. 

(ii) Principles of Swivelling Mowntings.—The 
principles underlying these swivelling mountings 
require investigation. The first example given is 
that of a revolving framework supported at the top 
on @ central pillar. Fig. 17a indicates a design 
which might be put forward. The top of the post 




















| ] 


The other races of these bearings are then mounted 
on to the revolving member. 1s ee? 

Consider the equilibrium of the independent 
swivelling member. There’ are four forces acting 
on it, viz. :— 

The thrust load in a vertical direction which 
must be taken as acting centrally if the thrust 
bearing is correctly loaded. 

The journal load which will be a horizontal load 
through the balls of the journal bearing. 

The weight of the swivelling member itself, 
which is a vertical force acting centrally. 

The reaction of the spherical seat. 

This latter may be analysed into a vertical force 
acting centrally, and a horizontal force acting at the 
centre of horizontal pressure. It will be seen that 
the vertical forces will be equal and opposite, but 
this is not the case with the horizontal forces as the 
journal bearing is not opposite the spherical seating. 
The swivelling member therefore tilts, and this causes 
the balls on one side of the thrust bearing to be 
overloaded. 

Fig. 176 shows an attempt to make the working 
conditions of the thrust bearing better, by bringing 

















Fig. 24. | 
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bearing will still be overloaded at one side whenever 
journal load occurs. Fig. 17¢ shows how this error 
in mounting is eliminated, by bringing the journal 
bearing opposite the spherical seating. 
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bearing coming adrift. Advantage of this geo- 
metrical property has already been taken in Fig. 100, 
on page 38 ante, discussed in paragraph 1 (d). The 
swivelling roller journal bearing is formed with 
grooves in both inner and outer races, and can 
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No treatment of this subject would be complete 
without reference to arrangements’ in which 
swivelling is allowed to take place about two 

te centres. By this means, di ts of 
the shaft can be accommodated in two directiong, 








If the mounting can be arranged to be free from 
journal load, as, say, by journalling the revolving 
member about the post lower down, then the journal 
bearing in the mounting can be eliminated altogether. 
Fig. 17d shows a thrust bearing mounted up on the 





VIS 
ESI 
ti Ne 


SSS 











Wa 





<YSU9 YU SY 








WYTIS 
4 YY NS 


Ys 








Vp 


ae 





see) 


init 



















































Kgs 











(5912 F) | 





t ’ 
1 
| | 





same shaft where arrangements have been made to 
eliminate journal load. 

The same question may also be investigated 
with regard to a design of footstep bearing 
Fig. 18a shows a revolving shaft with a spherical 
end mounted into a footstep containing a journal 
bearing and a thrust bearing. The mounting is not 
correct, as if the shaft is called upon to swivel, the 
bearings no longer revolve about the axis of rotation 
of the shaft. This will cause sliding friction on the 
spherical surface. 

Fig. 186 shows this error corrected by mounting 
the bearings on the end of the shaft, but the design 
shown introduces the error previously discussed 
of not having the journal bearing opposite the 
spherical surface. As before, tilting of the in- 
dependent swivelling member will occur with 
consequent unequal loading of the balls in the thrust 
bearings. Fig. 18¢ shows how this error can be 
eliminated and the mounting corrected. 

(iii) Further Ezxamples.—Further examples of 
swivelling mountings may now be given. Fig. 19 
shows the combination of a ball journal bearing, 
a ball thrust bearing and a plain disc to prevent 
movement of the shaft from right to left. Fig. 20 
shows a method of mounting which does not 
necessitate splitting the outside casing to introduce 
the swivelling member. Fig. 21 shows a ball 
journal bearing and a ball thrust bearing mounted 
in a swivelling basket at the top of a vertical 
shaft. The mounting includes a device for retain- 
ing oil. 

Fig. 22 shows a footstep in which a ball journal 
bearing and a ball thrust bearing are mounted in a 
swivelling basket. The disadvantage of this type 
is that if the basket is made a good fit in the outer 
casing, whilst upright, it will not be a good fit after 
the shaft has swivelled. The general type of 
mounting, however, has advantages inasmuch as it 
allows of longitudinal movements. Figs. 23 and 24 
show similar mountings where longitudinal move- 
ment is required. 

Fig. 25 shows two journal bearings and a double 
thrust bearing mounted to swivel. As journal 
bearings of equal size are shown, the spherical 
surface is struck from a point midway between the 
two journal bearings. This may be compared 
with the design in Fig. 23, where unequal sizes of 
journal bearings call for the spherical surface being 
struck from a point not midway between the two 
bearings. 


4. APPLICATION TO ROLLER BEARINGS. 


The preceding remarks apply equally to short 
roller bearings shown in Figs. 26a and 266. It will be 
seen that the outer race of the non-swivelling type 
of roller bearing is bored cylindrically, without a 
groove. Where this bearing is used, both races will 
always have to be held endways to prevent the 
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therefore be substituted for any of the swivelling. 
ball journal bearings without alteration to the design 
5. DEDUCTIONS. 

Even in a swivelling mounting, the bearings 
must run true with the axis of rotation. This 
necessitates— 

(a) That the bearings are rigidly connected to the 
revolving member. 

(6) That the revolving member runs true at the 
point on which the bearings are mounted. 

The swivelling motion must take place on the 
stationary races of the bearings or on some part of 
the mounting connected thereto. The swivelling 
will take place only in fitting up, i.e., the bearings 
will set themselves in the position most conducive 
to free running. They will not swivel (nor be 
called upon to do so) at each revolution of the re- 
volving member. 

In cases where an independent member is arranged 
to provide the swivelling, the equilibrium of this 
member must be considered in the design. In the 
case of a mounting embcdying cnly one journal 
bearing, this necessitates the journal bearing being 
opposite the point of support in the direction of the 
journal load, 

No swivelling arrangement based on spherical 
surfaces struck from a single centre in each housing 
will correct displacement errors (as distinct from 
angular errors) where the revolving part is carried 
by more than two independent housings, which are 
notinline. This does not apply in practice in cases 
similar to line shafting where the diameter of the 
revolving shaft is small compared to the distance 
between bearings. The end covers should be 
arranged to swivel with the bearings in order to 
obtain a dust-proof mounting. 

To obtain the maximum freedom in swivelling 
the radius of the swivel surfaces must be kept as 
small as is compatible with other conditions; 
portions of this swivel surface on the rigid member 
should be cut away where possible, and efficient 
arrangements made for lubrication. 
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~ viz., in the direction of the shaft and at 
right angles to it. The first of these 
conditions is satisfied in a patent line- 
shaft bearing, shown in Fig. 27, the 
object being to allow the shaft to e without 
stressing the balls. The second is dealt with in 
another patent device to allow a ball thrust bearing 
to accommodate itself to the wear in an adjacent 
plain bearing. Fig. 28 illustrates the arrangement. 





EXACT DATA ON THE RUNNING OF 
STEAM BOILER PLANTS. 


By D. Browntim, B.Sc.Hons.(Lond.), F.C.S., 
A.LMech.E. 
No. 3.—Tuae Amount or Steam Usep sy Sream 
JETS. 


In the original article entithd “Coal Saving by 
the Scientific Control of Steam Boiler Plant,” 
published in ENGINEERING of July 12 and 19, 1918), 
I showed that out of the 250 steam boiler plants 
typical of the whole country, no less than 93 plants, 
or 37 per cent., were fitted with steam jets under 
or over the fire-bars. The object of using steam 
jets in this manner is, of course, to provide a 
cheap and simple form of forced draught, so as 
to force air through the furnace with the object 
of increasing the efficiency of combustion and 
the amount of fuel burnt per square foot grate area 
per hour. 

There seem to be very few data given in general 
engineering literature as to the amount of steam 
used by these jets. The makers of the various types 
of furnaces and mechanical stokers using steam jets 
as a rule confess to a modest 1 per cent. to 3 per 
cent. of the steam production, and at any rate in 
many years’ experience I have only heard of one 
maker who has admitted a figure of over 34 per 
cent. In the original article above referred to I 
stated that the average ccnsumption of steam by 
the jets for the 93 plants was 5-6 per cent. of the 
total steam produced, but that the figure varied on 
different plants from 1 per cent. to 20 per cent. In 
the present article I propose to deal with this 
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question in more detail, and to consider the figures 
derived from 130 plants. 

I do not know exactly the number of different 
makers of such apparatus on the market, but we 
have investigated 11 different types, hand-fired, 
and 8 different types mechanically-fired, making 
19 types in all, constituting, I think, a fairly com- 
prehensive selection, including as it does the 130 
plants with a total of 437 boilers and a coal bill of 
about 1,000,000 tons per annum. 

Although there is naturally some difference in 
detail between the various types, most of them 
consist essentially of some form of hollow furnace 
bar through which the steam jets force a current 
of steam and air, which subsequently passes through 
the furnace above. In each case I have given a 
short description of the actual steam-jet apparatus, 
including the size and number of the jets. 

In the first place, the method we employed for 
determining the amount of steam used was by conden- 
sation of the steam by external cooling, and weigh- 
ing of the condensed water. We devised a special 
apparatus for the purpose, consisting of an enclosed 
horizontal cylinder connected with a long vertical 
condensing coil. The cylinder is jacketed, and cold 
water is run through the jacket so as to cool the 
interior. The vertical coil is also immersed in a 
large volume of cooling water. In determining the 
steam used by any particular system of steam jets 
our apparatus is erected in the fire-hole close up 
against the boiler. The steam pipe and jet apparatus 
is then taken out of the boiler furnace and placed 
bodily inside the horizontal cylinder and coupled | 
up in exactly the same manner as when in the boiler 
furnace. The end of the horizontal cylinder is 
closed, and on opening the steam supply valve the 
steam-jet Apparatus works in the enclosed cylinder 
for all practical purposes exactly the same as it does 
in the furnaces. 

Care was taken that the supply valve was open | 
to the same extent as when used under the furnaces, | 
and that the steam pressure on the jets was also | 
as usual. The steam issuing from the jets is con- 
densed in the horizontal cylinder and the condensing 
coil, and runs out of the end of the coil as cold 
condensed water, and is weighed direct. There is a 
very minute pressure in the cylinder caused by the 
small resistance to the passage of the condensed 
water through the coil, and this will tend therefore 


to make the figure for the steam used by the jets | 3 


very slightly lower than would be the case in the 
open air in the furnaces, and this slight error, if 
appreciable, is therefore on the right side. In this 
way a series of observations were carried out, say, | 
three or four successive determinations of one half- 
hour each, and if the figures for the several deter- 
minations were similar this was sufficient. If there 
was much difference a further series of determina- | 
tions was carried out to get good average figures. | 
A fair amount of judgment is, of course, necessary in | 
these determinations. In the first place there is the | 
question of the amount of opening of the steam | 
supply valve to the jets. On a }-in. or }-in. pipe, 
for example, say, three-quarter turn is generally | 
the same as full open as regards the amount of steam | 








passed, but in 90 per cent. of cases the firemen 
simply open the valve full open, that is two or three | 


position. In such a case the method of deter- | 
mination is simple, the valve being full open. | 
In some cases, however, the firemen are more | 
careful and work with, say, quarter turn open on an 
8-hour shift for, say, 6 hours, and full open for, say, 
2 hours, when cleaning out or when the load ad 
particularly heavy. 

In such a case the practice of the firemen was | 
carefully observed, and separate determinations | 
were carried out accordingly with the valve quarter | 





turn open and full open. The two results were then 
averaged up in the proportion of 6 hours to 2 hours, 
and in this way a good average determination was 
secured. 

Secondly, there is the question of variation in 
the steam pressure. This presents no difficulty in 
the case of most boiler plants where the steam 
pressure is kept up to within a reasonable margin 
of, say, 20 lb. In those cases where the steam 
pressure cannot be maintained within reasonable | 
limits it is necessary to carry out the determination 





at various pressures and average the results approxi- 
mately in the proportion of the pressures being 
obtained in practice. 

There is also the question of the wearing action 
of the steam on the size of the holes or nozzles 


in this respect must, as a whole, be regarded as 
affording an excellent average. 

I can only say that great care was taken with the 
determinations, and in actual practice the difficulties 
are not nearly so great as they may appear; in fact, 


TABLE [{1.—MECHANICAL 


FIRING ‘COKING TYPE). 


Type A.—Consists essentially of 37 jets of approximately /,-in. holes in a special casting per furnace (that is, 74 jets per boiler 


on “ Lancashire ’’ boilers). 


Jets are situated under the furnaces at the back on full boiler pressure, but the steam pipe connected 
to the casting is much restricted at one point inside, so that the total amount of steam passing is small. The supply can also be 
regulated with a hand valve. 


The average steam consumption on four plants fitted with this type of steam-jet apparatus is about 2-3 per cent. of the production, 


divided as follows :-— 
































| 
| | Corresponding Annual 
Boiler Plant. Actual Net | Actual Net | Correspond- | Coal Bill of the Plant | Coal Bill used only by 
} ; - | Actual ing | per Annum. the Steam Jets. 
Weight of Weight of | | 
__ ie Steam | Steam Steam Percentage | 
— | Evaporated ure | Used by the | f the Total l 
| on the Plant or the Jets, Steam | | £, Taking | £, Taking 
Type and | Calculated | |: ets, Calculated | Production | Coal at | Coal at 
Ref. Number of _ [per Boiler per b. per per Boiler per|°f the Plant,| ons. | Average | Tons. Average 
No. Boilerson | Hour,in Lb.| %4-42. | "Hour, in Lb, | Used by the | Price of 30s. | Price of 30s. 
Plant. Jets. per ton. | per Ton. 
| | | | 
| per cent. | | £ £ 
1 2 Lancashire ..| 8,059 189 186-5 | 1-30 | 5,500 | 8,250 | 126-5 190-2 
2 1 Lancashire ..| 7,906 150 173-9 2°25 | 4,250 | 6,375 93-5 140-2 
3 5 Lancashire . +| 6,037 90 150-9 2-50 | 7,400 11,100 185-0 277-5 
4 4 Lancashire ..| 4,081 52 110-2 2-70 | 8, | 5,850 105-3 157-9 
Type B.—Consists essentially of four jets of approximately }-in. holes per furnace under the fires at the front and two jets of 


approximately 4-in. holes over the fires per furnace (that is, 12 jets per boiler on “‘ Lancashire ”’ boilers). 
on 4-in. steam pipe, and steam supply regulated with a hand valve. 


All on full boiler pressure 


























ks | | | cerrapond-| Coat at othe Pane | Sy gRunding Anau 
Boiler Plant. | 4 d rres - Coa of the Plan used only by 
Avelght of Actual ‘Welaht ot ing per Annum. the Steam Jets. 
Steam Steam Steam Percentage | 
Evaporated | Pressure | yged by the | f the Total 
}on the Plant | 02 the Jets, Steam £, Taking £, Taking 
Type and Calculated Jets, Calculated | Production Coal at Coal at 
Ref. Number of per Boiler per} Lb. per Boiler per|°f the Plant,) tons Average Tons. Average 
No. Boilers on | Hour,in Lb.| $4- 42. /'Hour, in Lb, | Used by the Price of 30s. Price of 30s. 
ant. } Jets. per Ton. per Ton. 
| per cent. | £ | £ 
1 3 Lancashire | 5,144 113 711-1 13-8 5,750 8,625 | 793-5 1,190 -2 























Type C.—Consists essentially of 15 or 16 jets of ¥,-in. holes underneath the furnace at the back, 15 or 16 jets of fin. holes 


underneath the furnace at the front, and often one large jet, generally a 


furnace (that is, 62 to 66 jets per boiler on “ La 
and with steam supply regulated with a hand valve. 


neashire ’’ boilers). 


in. steam 


ipe, flattened at the end over the 
All jets generally on }-in. steam pipe on full boiler pressure 


p of the 





























The average steam consumption on 13 plants fitted with this type of steam-jet apparatus is about 8 per cent. of the production, 
divided as follows :— 
' 
| | Corresponding Annual 
Boiler Plant. | Actual Net Actual Net | Correspond- | Coal Bill of the Plant Coal Bill used only by 
Weight of Actual Weight of ing per Annum. the Steam Jets. 
Steam Steam Steam | Percentage | 
Evaporated Pressure Used by the of the Total | 
on the Plant | 02 the Jets, Steam | £, Taking £, Taking 
Type and | Calculated | _Jets, | Caiculatea | Production | | “Coal at | Coal at 
Ref. Number of {per Boiler per} LD. per |per Boiler per|°f the Plant,) qons| | Average | Tons. Average 
No. Boilers on Hour, in Lb.| 54-40. |Hour, in Lb. | Used by the | Price of 30s. Price of 308. 
Plant. | | Jets. | per ton. | | per Ton. 
| } 
| | per cent, | £ £ 
1 | 3 Lancashire ..| 6,997 144 nil 0-00 4,000 6,000 nil nil 
2 | 1 Lancashire ..| 4,659 107 69-8 1-50 | 1,750 | 2,625 26-2 39-4 
3 |18 Lancashire ..| 9,528 105 330-6 3°47 | 79,000 118,500 | 4,321-3 | 6,481-9 
4 | 5 Lancashire .. 7,312 102 420-4 5-75 19,500 29,250 1,121-2 1,681-8 
5 |16 Lancashire | 4,347 102 324°8 7-47 26,250 39,375 1,960-8 | 2,941-2 
6 | 2 Lancashire ..| 6,431 | 90 488-7 7-60 | 7,700 11,550 | 685-2 877-8 
7 | 4 Lancashire ..| 2,990 75 239-2 8-00 8,500 12,750 | 680-0 1,020-0 
8 | 5 Lancashire ..| 5,933 106 | 548-8 9-25 15,250 22,875 | 1,410-6 2,115-9 
9 1 Lancashire ., 5,393 54 517-7 9-60 «| ,550 2,325 148-8 223-2 
10 3 Lancashire ..| 5,408 | 84 | 523-0 9-60 18,500 27,750 1,776-0 2,664-0 
ll 2 Lancashire ..| 6,583 147 688-0 10-40 5,500 8,250 } 572-0 858-0 
12 2 Lancashire ..| 5,915 160 1,041-0 17-60 | 6,950 10,425 |} 1,223-2 1,839-8 
13 6 Lancashire .. 6,861 81 | 1,468 «2 21-40 17,500 26,250 3,745-0 5,617°5 





, Type D.—Consists essentially of nine jets of approximately }-in. holes on }-in. steam pipe per furnace (that is, 18 jets per boiler 
turns, and leave it all day continuously in this | on “ Lancashire "’ boilers) underneath the fires at 























1 3 Lancashire 


; e back. All jets on full boiler pressure and steam supply regulated with a hand 
| valve :— 
a 
— } | | vue . Gosseanenting a 
Boiler Plant. | 1 Net | I » Coal Bill of the Plant Coal Bill used only by 
‘Weight of Actual AGelghtot — per Annum. the Steam Jets. 
- | Steam | Steam Steam Percentage _ 
j Evaporated | Pressure | Ysed by the | of the Total | 
on the Plant | on the Jets, Steam | £, Taking £, Taking 
Type and Calculated Jets, Calculated | Production | Coal at Coal at 
Ref. | Number of per Boiler per| L».- 7 per Boiler perjof the Plant, Tons. | Average Tons. Average 
No. Boilers on | Hour, in Lb. Sq. In. Hour, in Lb. | Used by the | Price of 30s. Price of 308. 
Plant. } | Jets. | per Ton. per Ton. 
| | | | 
per cent. | £ | | 
7,737 73 | 557-2 | 7-2 | 4,900 7,350 =| 352-8 | 529-2 





through which the steam is blowing. The holes 
gradually tend to wear larger, depending on the 
time the apparatus has been in operation, and 
therefore different results may be obtained with 
the same apparatus depending on this condition. 
Our determinations were carried out exactly as 
we found the plants working, and because of the 
large number of plants we have tested the conditions 


I feel convinced that the results are accurate at 
any rate to} percent. That is tosay, a figure deter- 
mined by us of, say, 5 per cent., will not be outside 
the limits of 4} per cent. to 5} per cent. from week 
to week on the plant. 

In Tables I and Il, on Plate ILI, published 
with this issue, and Table ITI, on the present page 
| and page 73, I give the actual results obtained 
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with the 19 types of steam-jet apparatus,, showing 


the number of boilers on each plant, the actual net 
weight of the steam evaporated by the plant 
calculated in pounds per boiler per hour, the actual 
steam pressure on the jets, the exact net weight of 
steam used by the jets, calculated in pounds per 
boiler per hour, the corresponding percentage of the 
total steam production of the plant used by the jets, 
the annual coal bill of the plant, and the corre- 
sponding annual coal bill used by the jets. I also 
give in Tables IV and V subjoined the averages of 
the results recorded in the preceding Tables. 


of 30s. per ton. The cost of an ordinary steam-jet 
apparatus hand-fired would be about, say, 100/. per 
boiler, equal to 6007. for the plant. 

Taking the average figure of 6-6 per cent. of the 
steam production used by the jets, this corresponds 
to 1,188. per annum as the cost of the steam used, 
equal to buying an entirely new set of steam-jet 
apparatus for the whole of the six boilers about 
every six months. 

For a similar plant a mechanical stoker equipment 
would cost about double, say, 1,200/., and in this 
case at 6-5 per cent. of the steam production, this 





TABLE IlI.—MECHANICAL FIRING (COKING TY PE)—Continued. 


Type E.—Consists essentially of seven jets of approximately 
per boiler on “ Lancashire” boilers). Jets situated under the 
regulated with a hand valve which is generally full open. 


,-in. to }-in. holes on 3-in. steam pipe per furnace (that is, 14 jets 
font of the furnaces on full boiler pressure and the steam supply 


The average steam consumption on nine plants fitted with this type of steam-jet apparatus is about 7-5 per cent. of the production, 























divided as follows :— 
| 
| a = | Comeeentns —4— 4 
Boiler Plant. Rr Correspond- | Coal Bill of the Plant Coa used only by § | 
jeelent ot Actual iatieht of ing per Annum. | the Steam Jets. 
Steam Steam Steam Percentage } 
Evaporated Pressure Used by the of the Total | 
on the Plant | 2 the Jets, Steam £, Taking £, Taking 
Type and Calculated Jets, Calculated | Production Coalat | Coal at 
Ref. Number of per Boiler per| L- pet [per Boiler per|°f the Plant,) Tons. Average | Tons. Average 
No. Boilers on Hour, in Lb.| 84-4n. /"qour, in Lb, | Used by the Price of 30s. Price of 308. 
Plant. Jets. perton. | per Ton. 
per cent. £ £ 
1 2 Lancashire . ‘| 4,463 187 174-9 3-92 3,750 56,625 147-0 220-5 
2 10 Lancashire... 6,927 136 313-1 4-52 33,000 49,500 1,491-0 2,237-4 
3 4 Lancashire . | 7,702 98 431-3 5-60 14,500 21,750 812-0 1,218-0 
4 4 Lancashire ..| 4,211 74 | 253-5 6-02 4,500 6,750 | 270-9 406°3 
5 13 Lancashire. .| 7,401 112 | 488-4 6-60 38,500 57,750 } 2,541-0 $,811-5 
6 8 Lancashire . ‘| 946 114 417-4 7-02 6,500 9,750 457-3 684°5 
7 9 Lancashire ..| 4,955 80 } 361-7 7-30 32,000 48,000 2,336-0 3,504-0 
8 3 Lancashire .. 7,382 145 | 590-5 8-00 11,500 17,250 920-0 1,380 -0 
9 15 Lancashire . . 6,533 157 741-7 11-35 41,000 61,500 4,653-5 6,980 -0 


























The approximate average of the whole 130 plants comprising 437 boilers with an annual coal bill of approximately 1,000,000 


tons works out at 6°6 per cent. of the steam production, divide 


TABLE IV. 


as follows :— 


GIVING AVERAGE RESULTS FOR HAND FIRING. 


Averages 6-6 per cent. of the production. 






































that is 37 per cent. Assuming that this figure is 
roughly correct, on the national annual coal bill of, 
say, 75,000,000 tons to 100,000,000 tons consumed 
for steam raising, this would correspond to 27,750,000 
tons to 37,000,000 tons of coal burnt per annum by 
means of steam-jet apparatus. 

Assuming also that the figure of 6-6 per cent. of 
the steam production used by these jets is a true 
average for the whole country, this corresponds to 
1,831,500 tons to 2,442,000 tons of coal used per 
annum in the country for the sole purpose of 
supplying steam to jets. The greater part of this 
huge amount of coal is simply wasted. 

In the first place there is a considerable difference 
of opinion as to whether the principle of forced- 
draught by means of steam jets is correct under any 
circumstances. Such a point as this can only be 
determined by long practical experience with many 
different qualities of fuel and under the most 
varying conditions. Our own experience has been 
| that whilst under certain given conditions the 
| principle is correct, in the great majority of cases 
the principle if not correct. 
|* Each plant has to be considered entirely on its 

merits, and it is not realised generally, even by the 

most scientific engineers, how different the con- 

ditions are on different plants. Very roughly 
| probably the conditions obtaining on only about 
| 10 per cent. of the boiler plants of the country are 
suitable for steam jets, that isthe amount of coal 
burnt by steam jets should only be, say, 7:5 million 
| tons to 10,000,000 tons per annum. 

Taking those plants, however, on which it is 
| correct practice to use steam-jets, the next point is 
| the amount of steam that is necessary for the most 
| scientific working. In our opinion, as the result 
of many years’ experience, a steam-jet apparatus 
in general uses from about 1} per cent. to 4 per 
cent. of the total steam production when installed 
and worked on correct lines. 

The reason why in actual practice the figures 
average about 6-6 per cent., and may be as high 





Percentage of Total Total Coal Bil | #8 20 per cent., is due to two causes. Firstly, 
Type of Apparatus. No. of Plants. No. of Boilers. Production. Coal Bill. Used by Jets. the design of some of the apparatus on the market 
is crude and unscientific, and even with the most 
per cent. tons per annum. tons per annum. careful attention it would not be possible to get 
Type & $ . be 10200 a6 | good results with only 14 per cent. to 4 per cent. 
Type C 3 6 7°3 9,234 674-0 Secondly, and this is by far the most important 
Type D 18 | 60 ey gry ree cause, it is due to unscientific methods in working 
Type F 2 “8 3-2 5,850 "187-2 the plant, and not to defect in the design of the 
Type G 2 4 5-0 6,600 880-0 steam-jet apparatus itself. 

Type H 2 6 7-7 14,400 1,108-8 7 . : 
Type I 3 6 44 8.525 : If a given boiler plant, at present showing 
Type z 3 m c* Bd . pte extravagant results, was taken in hand and 
ype | - ; scientific methods of control adopted, figures like 
54 149 312,010 | Se.Thee? 74 per cent. to 15 per cent. of the steam production 
would be very soon cut down to 3 per cent. or 
4 per cent. with most types of steam-jet apparatus. 
TABLE V.—GIVING AVERAGE RESULTS FOR MECHANICAL FIRING. This question of steam jets affords another 
Averages 6-7 per cent of the production. striking example of the utter lack of up-to-date 
- ro Sosa ste methods in running many boiler plants. Steam-jet 
ercentage ota ota apparatus is bought and installed in the most reckless 
Type of Apparatus. No. of Plants No. of Boilers Production Coal Bill Used by Jets manner without the slightest consideration for the 
é ili 7 | conditions of the plant. In most cases the condi- 

cent. T annum. 8 rannum. | 43 } 
Type A—Sprinkling .. ..  ..| 25 73 Pe 5-00 140,345 | 7017-2. | t#ons are not suitable for such apparatus at all, and 
Type B.—Sprinkling .. + ¥ 16 a 5°25 98,550 5,016-4 it is then impossible to get good results even with 
Type C.—Sprinkling 7 4 | | aieeo ‘eat the best type of apparatus. Some of the 8 of 
Type B.—Coking 1 3 13-80 5,750 793-5 apparatus on sale are inherently defective in design, 
Type 0.—Coking 13 66 8-00 | 221,950 17,756 -0 and would not give good results even under the most 
ype D.—Coking 1 3 7-20 4,900 352-8 . : 

Type E.—Coking 9 63 7°50 185,250 13,893 °7 favourable conditions. Finally, when the apparatus 
| = eas 704,05 16.817 2 is installed, in most cases it is not worked correctly, 




















It will be obvious from the results recorded in 
these tables that the figures given by a number of 
makers of steam-jet apparatus are quite erroneous, 
and the amount of steam used is seriously in excess 
of what is generally supposed. 

One of the most striking facts is the enormous 
difference between the amounts of steam used by 
these steam jets; thus the lowest figure obtained 
was 0-50 per cent. of the production and the highest 
21-4 per cent. The differences on different plants 
using the same make of apparatus are also very 
remarkable. 

The great cost of running steam jets in average 
cases is not realised. Thus, taking an average-sized 
boiler plant of six “‘ Lancashire” boilers burning, 
say, 12,000 tons of coal per annum, equivalent to 


18,0001. per annum, with coal at an average price 


would be equivalent to replacing the whole of the 
stokers every twelve months. In addition, also, 
in the latter case the cost of upkeep of the stokers 
has to be taken into account, whilst in the case of 
hand-fired steam-jet apparatus the fire-bars last a 
very long time because of the “ cooling” action of 
the steam. 

This is, of course, merely speaking of averages, 
but some of the actual instances are astounding, 
as will be seen from the tables. Of the whole 130 
plants, 29 plants have coal bills of over 1,0001. per 
annum incurred by the use of steam jets alone, 
whilst the number of plants with coal bills of 5001. 
or over is 47. 

I do not know, of course, what proportion of 
boiler plants in the country are fitted with steam-jet 
apparatus. On the 250 plants the number was 93, 





and the good class of such apparatus does not get 
a fair chance to show its efficiency. 

It is not to be wondered at therefore that the 
average figure for the steam consumption is 6-6 per 
cent., although it certainly does’ seem incredible 
that dozens of firms of high repute should be 
squandering 10 per cent. to 15 per cent., and even 
20 per cent. of their coal bill in this manner. 

lt is obviously somewhat difficult to give figures 
for the national saving to be obtained in this 
direction. On the assumption that 6-6 per cent. 
is an average figure, as already seen, this corresponds 
at present to 1,831,500 tons to 2,442,000 tons per 
annum. Probably about two-thirds of the steam 
jets now at work in the country are quite un- 
suitable for the conditions under which they are 
used and should be replaced by mechanical 
draught. This latter takes about 2-5 per cent. 
of the steam consumption, so that the saving in 
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these cases would be, say, 750,000 tons to 975,000 
tons per annum. 

Of the remaining one-third retaining the use of 
steam jets the figure of 6-6 per cent. should be cut 
down to an average of, say, 3-5 per cent. This 
would correspond to a saving of, say, 275,000 tons 
to 370,000 tons per annum, making a total saving 
for the whole country in round numbers of 1,025,000 
tons to 1,345,000 tons per annum, equal in value 
to, say, 1,500,0002. to 2,000,000/., taking coal at an 
average price of 30s. per ton in the fire-hole. 

Such an enormous saving as this in steam genera- 
tion in connection with one item only in the boiler- 


house, namely, steam jets, will give an idea of the | 


large field for economy that is opened up by the 
adoption of complete scientific methods in the 
boiler-house. Also in considering national coal 


economy by the adoption of super power stations, | 
it emphasises the huge economy that can be effected | where 
by bringing up to date the already existing boiler | 


and power plants of the country at a mere fraction 


of the cost involved under the superpower station 
| 


scheme. 





ALR-PUMP CAPACITIES AND INCONDEN- 


SIBLE-GAS VOLUMES IN INDUSTRIAL | 


VACUUM-EVAPORATOR PLANT. 
By Epwarp Corner. 


THe rather unfortunate general use of empirical 
formulae for the determination of air-pump capacities 
in evaporator work, has led the writer to attempt to 
lay down in a clear and concise manner, the theoretical 
principles entailed, with practical data, and a set of 
curves, which will onitie 
correct, value for any particular case. 

Empirical formulae are undoubtedly most useful in 
average 
obtained by their use, are good enough for practical 

, but many cases have occurred in which a 


nurposes 
fuller knowledge of the root principles would have been | 


of extreme value to the designer, and would undoubtedly 
= oe f ked by draugh’ 
ao ‘epparatus. It is often remar y draughts- 
—s engineers, who have been connected with 
more than one firm, how 
the empirical 
in another, an 


t the variation is between | evaporators, but can be used with confidence for almost 
re taken in one shop, and that taken | 


the writer is personally acquainted | 


designers to choose the | 


cases, and under satisfactory conditions designs | 


uce a more efficient, and satis- | 


with three different values for the capacity of dry-air | 


pumps, values which differ so greatly, that it is difficult 
to explain the fact that these firms are all makers of 
very satisfactory plants. 

Now, empirical formulae, especially as regards con- 
densation problems, can only be considered accurate 


or practically accurate between certain limits, i.e., | 


a single value for, say, air-pump capacity cannot be 
expected to cover all variations of injection tempera- 
ture, vacuum, or hot-well temperature, and it is essen- 
tial that in many ‘cases an accurate factor should be 
obtained, applicable to the particular conditions pre- 


vailing. 

The possible vacuum in any condenser is directly 
due to the absolute pressure in the condenser, this 
absolute-pressure, being the sum of the partial pres- 
sures of water-vapour and air or other incondensible 
gases present. 

According to Dalton’s Law, any number of gases 
enclosed in a vessel, will each exert a pressure upon 
the walls of the vessel, equal to the pressure such gas 


would have exerted, had it been present alone, and | 


the total pressure in the vessel is the sum of the partial- 
of all the gases t. 

occupies the whole space, or in other words, the mole- 

cules of the different gases are intimately mixed. 

The temperature prevailing in a condenser is, approxi- 
mately, that of the outgeing or “ tail’ water, and it is 
easily seen that this temperature is the governing 
factor in fixing the vacuum. It is sometimes thought, 
that the quantity of air relative to steam, entering 
the condenser, plays an important part in determining 
the vacuum, but, as the ratio of air to steam is always 
= small, the actual effect can safely be neglected, 
and, in fact, has no influence whatever in the latter 
geet of the condensation, ¢.¢., after the latent heat has 

m remeved. Immediately after condensation of the 
steam, the ratio of air to vapour, becomes very greatly 
increased, and the pe pressure of the air becomes 
@ very important factor in determining the vacuum, 
and, it is this partial pressure of the air, which explains 
the difference between the vacuum shown on the 
gauge, and the vacuum which one would expect, from 
the relative thermometer reading. 

ar pene pe: sere mg a em 
temperature and pressure, is found as follows :— 


vr= "iF 2 + 460) 
a a + 460) 


Also, each gas | 


at any | 


where V, = volume of air in cubic ft. per pound, at 

60 deg. F., and 14-7 lb. per sq. in. 
= 13-1 cub. ft 

V, = volume as above, at P, and T,. 

P, = 14-7 lb. per square inch. 

P, = Pressure of air at T, and volume re- 
quired. 

T, = 60 deg. F. 


Substituting the given values in the above formula, 
| we get :— 
y, = 13:1 x 14-7 x (T, + 460) _ -37(T, + 460) 
‘ P, x 520 P, 
In a mixture of steam and air, at any given volume 
and temperature, the volume of the air is equal to the 


volume of the steam, and also equal to the total volume, 
and its weight is :— 








w= ?, x V 
-37 x (T, + 460) 





W = weight in pounds of the air contained 
in the mixed volume. 

P, = pressure of the air, which is equal to 
the total pressure minus the pressure 
of the water-vapour or steam at 
temperature T,. 


The usual allowances or data for ratio of air to 
steam, which are applicable to power-plant, are very 
much too low for industrial evaporator-work, as this 
| latter plant exposes a much greater joint surface, and 
| is working with liquors which contain a large quantity 

of gases in solution, as well as other gases which are 
evolved during the evaporation process. On the other 
hand, the water used for injection is very often, at a 
much higher temperature than that used in European 
plant, and thus contains slightly less air, this, of course, 
is only intended to apply to tropical conditions, and 
chemical evaporators working in Europe would, 
naturally, have conditions of injection similar to power- 
plant in the same locality. 

The most reliable figures for incondensible-gas 

volumes relative to steam entering the condenser, are 
as follows :— 


(1) 4 Ib. of air per 1,000 lb. of steam or vapour. 
(2) +2 lb. of air per 1,000 lb. of liquor treated. 
(3) -1 lb. of air per 1,000 Ib. of injection-water. 


These values are originally intended for sugar-juice 


all chemical liquors, and for any temperature of injec- 
tion. The quantity under heading (2) above, varies 
with the number of vessels in the evaporator, and a 
table of constants is given for the various groupings, 
as the curves are all calculated for the most usual 
triple-effect grouping; a set of multipliers is also 
appended, to facilitate calculation. 

As previously mentioned, the possible vacuum in any 
condenser is directly due to the temperature of the 
“tail”? water, and in condensers of the jet type, this 
tail water is the condensed steam together with the 
injection water. The formulae for obtaining air-pump 
—— for any type of jet condenser, are very similar, 
only differing in respect of the values taken for the 
temperature at which the air is withdrawn, and, in the 
case of barometric, or counter-current jet condensers, 
the pump is not required to deal with any tailwater, 
and, thus, no factor for this is embodied. 

Now, as stated above, the most important factor in 
determining the possible vacuum, is the temperature 
of the tail water, and, indirectly, this temperature 
greatly affects the volume of air which must be with- 
drawn. Every pound of injection-water brings with 
it a certain quantity of air, and thus the greater the 
quantity of injection-water used, the greater the 
quantity of air which must be removed. Against this 
must be placed the fact that, the greater the quantity 
of injection-water used, the lower will be the tempera- 
| ture of the tail water, and, consequently, a higher 
| vacuum will be obtained, together with a lower air 
| temperature and smaller volume per pound. A set of 
| curves plotted for this purpose, shows a fnarked diminu- 
tion of air-pump volume, with increase of injection- 
water ratio, up to a certain limit, after which pump- 
capacity rises rapidly on, still further increasing this 
ratio. 

To find the ratio Jection_water by weight, the 

steam 
following simple formula is used :— 
| 


w= L+ (T, wer T,) 
T. — T, 
weight of injection water per pound of 
steam, per hour. 

Latent heat of the steam at tempera- 
ture due to required vacuum or T,. 
Temperature of steam at the required 

vacuum, 
Temperature of the “ tail water.” 
Temperature of the injection. 


| where 


w 
L 

T, 
qT, 
T, 





It is usyal to assume T,, 10 deg. below T,, for low- 
level, parallel-flow jet condensers, and 5 deg. below T,, 
for barometric or other counter-current jet condensers, 
These allowances are considered sufficient in most 
cases, but, the designer must satisfy himself, in special 
cases, that the temperature difference given by these 
values is sufficient for the complete transmission of the 
heat during the passage of the steam through the 
condenser, or, in other words, that the condenser is of 
sufficient length. The curves in Figs. 1 and 2, are 
plotted for conditions as given above, other conditions 
will, of course, require special calculations, of which 
formulae are given below, in their respective ‘ 

Low-level parallel-flow condensers.—The air which is 
to be removed from this type of condenser is withdrawn 
al with the tail water, and is, therefore, practically 
at the same temperature, and its volume may be 
calculated as follows :— 


v, = Vi Pi Ts + 460) 
Py (T, + 460) 


where V, = volume of the air, in cubic ft. per pound 

at temperature T, ; 

P, = 14-7 pounds per square inch pressure. 

P, = Pressure of the air, or, difference 
between, total pressure in the con- 
denser and the Lancy of water- 
vapour at temperature 

V <a” ate 

T, = temperature of the tail water. 

T, = 60 deg. F. 


This formule, as already shown, becomes on sub- 
stitution :— 
v, =_37(Ts + 460) 
P, 


The pressures used in condenser-work being.all below 
atmospheric pressure, and as temperature is such an 
important factor, it is found more convenient to take 
these pressures, in inches of mercury rather than in 
— per square inch, and the above formule then 

omes transformed to :— 


Seom -37 (T, + 460) x 2-04 _ +755 (T, + 460) 
Pa Pa 


The formula given above enables one to calculate 
the volume of 1 Ib. of air at any temperature or pressure, 
but, in order to obtain the pump displacement, it will 
be necessary to revise the above so as to give the volume 
of air and tail'water per pound of steam, and as pump 
displacement is well given as, cubic inches per min, 
per 1 Ib. of steam cone Latte per hour, a further altera- 
tion should be made in its construction. 


*755 (t + 460) x (k + m) x 1728 














D= 
P, x 60 
— 21:8 (¢ + 460) x (k+m), 
Pe 
where D = Pump-displacement, in cubic inches 
per min. per | lb. of steam condensed 
per hour. 
t = temperature of tail water in deg. F. 
P, = Pressure of the air (see above). 
k =a constant, for type of apparatus. 
See Table 1. 
m = Wx -0001 or 1P8-_of injection x -0001 
lbs. of steam. 
n = (W-+ 1) x ‘462 = volume of tail- 
water. 
W = weight of injection in Ibs. per 1 lb. of 


-team condenser per hour, 


The curves given in Fig. 1 are plotted from this 
formula, tail water being taken at 10 deg. below 
temperature proper to vacuum; injection-water quan- 
tities are also given, in the dotted curves. The values 
obtained from these curves are, of course, minimum- 
values, and should be increased according to the 
designer’s experience, and for the particular jype of 
pump employed ; for those unused to this kind of work, 
the writer suggests an increase of 10 per cent., as being 
quite sufficient to meet all contingencies. 

Barometric condensers, or low-level counter-current 
apparatus.—In this type the air is withdrawn at. a 
point, either above or very little below, the injection- 
water inlet, and is, therefore, removed at, or almost 
at, the temperature of the injection. The ait-pump 
deals with air only, and, as this air is cooler and, there- 
fore, denser, the pump is necessarily smaller than the 
wet type, of similar condensing capacity. 

The formula giving injection water quantity is 
similar to that yd gute de e ing that the 
temperature of fhe il water is taken 5 below 
temperature proper to vacuum. 

e temperature of the air is: taken here as being 
2 deg. above that of the injection water, and this has 
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75 
been added to the absolute temperature value, in the es Toe conditions exist, the steam is condensed | where V = displacement of vacuum pump in cubie 
formula : wi t coming into actual contact with the injection, . inches per min. per 1 lb. of steam 

ie -755 (t + 462) x (k + m) X 1728 or circulating water, and the quantity of air to be dealt condensed per hour. 
= P, x 60 with is correspondingly reduced. P, = Pressure of the air (see above). 
21-8(t + 462) x (k + m) Most surface condensers are designed for counter k = a constant, see Table 1. 
— 21-8(t + , flow, as this enables the circulating water to be used My = volume in cubic inches per min. of 
P, : to the greatest advan and also allows the lowest 1 lb. of condensed steam = -462. 
where the symbols have the same meaning as in the | possible temperature of the condensate, being obtained. t = injection temperature + 5 deg. 
Fig.].  WET-AIR PUMPS JET CONDENSERS. Fig.2. ORY AIR PUMPS BAROMETER CONDENSERS. 
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Fig.3. WET-AIR PUMPS. SURFACE-CONDENSERS. en rt on 
Weight of Infection tn Lbe. per 7Lb. of Vapour Condensed Hour. In the curves, k has been taken as -0048, which is 
7 —_ 50 40 30 : en 10 the value for triple-effet evaporators, and the displace- 
Cty ~ ie ments given by these curves must be multiplied by the 
a Oe >< \ co-efficients given in Table 2, if any other grouping of 
9 ] x _— apparatus is required. st 
; Taste 1.—Values of “k” = ——— in pounds per hour. 
; cca : See 
of apparatus. 
7: /, ' AX — Single efit... 0044 
iS . Double effet... 0046 
so] of 3 VA ee ’ Triple effet _ .... -0048 
‘| a % / ‘gi i= Quadruple effet -0059 
75 . SS Quintuple effet asap lise 0062 
S | | | 4 "s K a . TaBie II.—Co-efficients for correcting di ment given 
70 . in curves, for groupings other than Triple effet, 
be) Type of apparatus Co-efficient, 
E : | / oy Single effet, oe 0-917 
65 '\ Double effet .... 0-958 
. | | / Triple effet... 1-000 
Si, 9 Quadruple effet be 1-28 
bw: / / Quintuple - TO vbe 1-29 
. . ( The word “air” used in many places throughout 
i. > fie eet ee ee ee ee 
Ss [s The writer has not intended to give a thorough 
scientific reasoning, nor to make wances for all 
10 20 30 40 30 30 70 30 the minute phenomena connected with this subject, 
(ss89.0) Puanp Displacement in Cubic Inches per Minute, per 7Lb. of Vapour per Hour. o eceahaby deaicade ie Seeing nen Seto arora ee 
: eg : t in training students, but the errors caused by the 
previous formula, except ¢, which in this case is the There is @ great deal in the design of surface-condenser | omission of these refinements in the formule are so 
temperature of the injection water. plant, which depends upon special conditions, and as | small, as to be negligible, and as the points for the 
The curves given in Fig. 2 are plotted from the above | this is beyond the scope of the present article, the | curves were all obtained by slide-rule aid, such differ- 
formula, and, as before, are, of course, minimum values. | writer offers the curves in Fig. 3, as being only a guide, | ences have no doubt been fully covered, by the method 
It will be noticed that a vacuum of 28 in. or over, | as it is almost impossible to give values which would | of taking the next higher even figure. 
requires very large pump capacity, when the injection | suit all conditions. 
exceeds 70 deg. F., and as this temperature is generally | The curves given are calculated on the assumption 
lower than the usual for tropical countries, it is very | that the injection water is raised to a temperature Business with Norway.—The Norwegian Chamber 
rare to find apparatus designed for such high vacua, | 5 deg. below that due to the vacuum, and that the | of Commerce, London, masons Cham. 
when intended for such ‘localities. condensate is cooled to 5 deg. above the injection or | bers, Kingowey, Qe W.0., states on ° bees 
In actual practice a small portion of the air is carried | circulating-water-inlet_ temperature. pay ha Snot thes —t iN, prea py foding in 
prope the tail water, but it is safer, as a rule, to neglect favour of dealing with agents ceaidlont tn Kt orway in 
a . V= 21-8 (¢ + 460) x & + Ng, preference to agents resident in one of the neighbouring 
Surface condensers.—For this type of condenser, ‘ countries. 
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OIL TANK STEAMER 


“SAN FERNANDO.” 


CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, NEWCASTLE-ON-TYNE. 








Tue San Fernando, which has recently been com- | 
pleted at the Walker shipyard of Messrs. Sir W. G. | 
Armstrong, Whitworth and Co., Limited, is one of 
the largest oil-tank steamer afloat, and is undoubtedly 
the embodiment of the best current practice in the 
design of this class of vessel. The ship, which was 
built for the Eagle Oil Transport Company, is a develop- 
ment of the 15,000-ton vessels of which a number were 
constructed for the same owners by Messrs. Armstrong, 
and other North-East Coast shipbuilders, some four 
or five years ago. Vessels previously built for the 
Eagle Company’s fleet were of 9,400 tons deadweight, 
so that the steady increase in size to that of the San 
Fernando, the deadweight of which is over 18,000 tons, 
is very marked. 

The illustrations on the present and opposite pages 
show the general appearance and the construction of 
the vessel, while on Plate IV we reproduce a photograph 
of the propelling machinery. It will be seen that the 
San Fernando is of the main deck and shelter-deck 
type, with the propelling machinery placed right aft. 
As is the case with all other large tankers owned by 
the Eagle and other companies, it is built on the 
Isherwood system of framing, which has certain 
advantages for vessels of this type. The scantlings, 
which are shown in the midship section, Fig. 6, are in 
many cases in excess of Lloyd’s requirements, the 
thickness of the sheer strake and the shelter deck 
plating being considerably greater than stipulated by 
the society in order to give additional longitudinal 
stiffness. The overall length of the vessel is 547 ft., 
and the length between perpendiculars is 530 ft. 
The toslded breadth and depth are, respectively, 
69 ft. and 42 ft. 3 in., while the height between the 
main deck and shelter deck is 15 ft. The extreme 
draught of water is 30 ft. 8} in., and the deadweight 
at this draught is 18,550 tons. 

As shown in Figs. 2 to 4, the main cargo space of the 
vessel is divided into 14 oil tanks, each of which is 
about 22 ft. 6 in. long, and these tanks are subdivided 
by a central longitudinal oil-tight bulkhead, which is 
continuous through the cofferdams and pump rooms. 
The foremost and aftermost tanks are used as oil fuel 
bunkers, and fuel oil can aiso be carried in the deep 
double bottom of the cargo hold forward, as shown in 

ig. 2. Owing to the large size of this vessel, and to the 

erent varieties of oil carried, it has been found 
necessary to provide two pump-rooms in the positions 
shown in Figs. 2 to 4, the positions being determined 
chiefly by the necessity for employing the shortest 
ible lengths of suction le the transverse 
ulkheads forming these pump-rooms extend up to the 
shelter deck, so that the compartments act as coffer- 
dams. Cofferdams are also provided between the oil- 
fuel tanks and the cargo tanks at each end of the 
vessel, and there is an additional cofferdam between 
tanks Nos. 8 and 9, The cargo tanks are thus divided 
into four self-contained groups, and the fact that they 
are, as already mentioned, divided by the longitudinal 








Fie. 1. 


bulkhead enables a variety of oils of different qualities | 
and specific gravities to be carried separately. When, | 


however, the cargo consists mainly of oil of low specific 
gravity, such as petrol or benzene, additional oil, or 
light cargo: ean be carried in the wing side tanks, in 
order to bring the vessel down to her normal draught. 

As might be expected, the oil pumping installation 
is exceptionally complete, and great care and fore- 
thought has been applied to its design. Four oil pumps, 
of the Worthington duplex type, are provided, two 
being fitted in each pump-room, and each pump is 
capable of aaens 300 tons of oil per hour against 
a pressure of 200 lb. per square inch. T'wo main lines 
of oil pipes are fitted, one on each side of the longi- 
tudin: ulkhead, and 8-in. suction connections from 
each pipe are‘made to both port and starboard tanks. 
In the event of one of the pipe lines breaking down, it 
is thus possible to use the other main to discharge oil 
from both port and starboard tanks simultaneously. 
The suction connections are provided with valves 
actuated by wrought-iron rods which are led up to, 
and worked through, stuffing-boxes on the shelter deck. 
There are in all 56 suction valves on the main cargo 
pipe lines. When all four pumps are working the 
entire cargo can be discharged in from 18 hours to 
20 hours. All the pumps are interchangeable, so that 
any one can be used for pumping through either of the 
main pipe lines. Cross-over pipes, controlled by 
master valves from the shelter deck, are also fitted 
between the two main pipe lines in tanks Nos. 1 and 12, 
and this arrangement enables oil to be transferred 
from any one tank to another. The cargo oil can be 
discharged through 8-in. pipes on the deck either into 
— alongside, or over the stern. The cross-over 
discharge pipes which are fitted on the shelter deck 
at both pump-rooms, are six in number on each side 
of the vessel, exclusive of the stern discharges, and 
the arrangements are such that at least four different 
kinds of oil can be discharged simultaneously without 
coming into contact with each other. As very heavy 
oils are now being carried as cargo, it has been found 
necessary to provide the tanks with steam-heating 
pipes in order to reduce the viscosity of the oil 
sufficiently to permit of rapid discharge. In some cases 
the temperature has to be raised to 100 deg. F. in order 
to obtain a satisfactory flow. For this purpose, 2-in. 
coiled pipes are laid in the bottoms of the cargo tanks, 
and these are supplied with steam from the main 
boilers, the pressure being reduced to 120 lb. per 
square inch, by means of a reducing valve. Vapour 
pipes are fitted to the main cargo tanks, and these are 
all connected to a 5-in. main pipe, which is led up each 
of the masts to openings 30 ft. above the level of the 
deck. Short vapour pipes are also fitted to the wing 
tanks 


The accommodation provided in the San Fernando 
is exceptionally complete for a vessel of its class. Each 


a 
DS 





officer has for himself a separate cabin, and, in | 


| addition to these, there are five double-berth state- | 








rooms for passengers or officials of the company. 
Se te mess-rooms are provided for passengers, 
officers and engineers. The cabins are all fitted with 
patent ventilators and fans, and all sidelights and 
ventilators are provided with mosquito screens. A 
complete steam-heating installation is also fitted in all 
accommodation. The officers are berthed in the mid- 
ship deck-house, a plan of which is given in Fig. 5, on 
page 77, while the engineers and crew are quartered 
in a deck-house aft, as shown in Fig. 3. A comfortable 
smoking room is provided in the upper bridge deck- 
house, and the accommodation also includes a sick bay. 
The refrigerating chamber, which is cooled by a plant 
of the CO, type, is fitted in the after shelter tween 
decks. A complete Marconi wireless installation is 
carried, and accommodation for two operators is 
provided on the upper bridge deck. Fourlargelifeboats 
and two cutters are carried, two of the former being 
placed on the bridge deck, while the remainder are on 
the poop deck aft; Welin davits are provided for all the 
boats. Two powerful steam capstans are mounted on 
the shelter deck aft for manceuvring and warping 
purposes, and a docking telegraph is also fitted on the 
poop deck. The steering gear, which is of the Wilson- 
Pirrie type, is fitted in the after shelter ’tween decks, 
and is actuated by telemotor from the wheel-house. 
The propelling machinery, which we illustrate in 
Fig. 7, on Plate IV, was constructed and installed by 
the Wallsend Slipway and Engineering Company, 
Limited, of Wallsend-on-Tyne. The turbines used are 
of the Brown-Curtis type, with wheel stages throughout, 
and these drive a single screw through the medium of 
double reduction gearing. The gear ratio is such that 
both turbines and propeller rotate at their most 
efficient speeds, and, by this means, a very high overall 
efficiency has been obtained. An inspection of Fig. 7 
will show that the high-pressure and intermediate- 
pressure turbines are placed in tandem on the starboard 
side of the vessel, driving one of the first-reduction 
pinions through a flexible coupling. This pinion 
engages with a gear wheel on an intermediate shaft, and 
this shaft carries pinions which gear with large wheels 
on the propeller shaft. The driving arrangement from 
the low-pressure turbine, which is on the port side of 
the vessel, is similar, and both turbine units are 
designed to give about equal power; the total shaft 
horse power, it should be mentioned, is about 4,300. 
For going astern, two turbines, working in series, are 
provided, and they are incorporated, respectively, with 
the intermediate and low-pressure ahead turbines. 
Dividing the astern turbines into two units in this way, 
besides increasing efficiency, has the additional 
advantage of providing greater immunity from complete 
breakdown, since, in an emergency, either of the 
turbines can be operated separately. Special attention 
has been given to the arrangement of pipes and valves 
for the main and emergency steam supply to the 
turbines, the shut off and manceuvring valves being 
supported from the forward bulkhead of the engine- 
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as well as those of the turbine spindles, are all fitted 
with foreed lubrication. The main wheel shaft 
is of forged ingot steel, and is pro with a solid 
flanged coupling directly connected to the thrust shaft, 
as shown in the illustration, Fig. 7. The Michell thrust 
\ ope anne clearly ene » this Ni A propeller 
Waster ABA of t ilt-up type, having four manganese - 

: | | — toa araiioeh bree as wag 
- Centre 36 rd4 main condenser is of t eir Uniflux type, 
pent ee : | Face Bar G4 Fe oO Babee Wx thrtéba | designed to give a 27} in. vacuum under + 
Berth x Serr o0 ak Bt | service conditions with sea water at 85 deg, F. It may 
arr on a3 3 s0hentthe 0a. be interesting to mention that the nt of the 
= machinery has enabled the condenser to be placed low 
: eal ae ante close to the tow serene J magpece dine 

i 3.4 simplifying t i problem an so avoidi 

nN f — the ~ of the tual overead poms a grap ae 
J * circulating pump is o centrifugal type, and is 
§ reese genet 60BA. provided with two single cylinder enclosed engines, 
J i! Flanged either of which can drive the pump at wee so that 

Wrepbet 6 Bottom 64x50" | ys, , SOBA. one is kept asa stand-by ; both Lay A i 
Face Bar 6%'x4x°76'0.A. aye re ir supplied by Messrs. e and Co,, Limited. The 
J . ' air pump fitted is of the Weir Dual type. The main feed 
Ie Spite : pumps, two pairs of which are supplied, are of the 
SF t0-54'—_® 3 H H vertical direct-acting type, and each pair is capable of 
Mortixt r 68 ar vA / / ' dealing with the whole of the feed water required under 
. f vA ' ordinary. service conditions. The feed is passed 
= a 2 er) creer! omg spennge.e heater of ie, walniney, type, e voom wy 

Moss, : Pia alt the exhaust steam from the auxiliary mac . 
Bottom itor chai AEA CB channels et ETO the feed heater and the feed pumps are of Messrs. 
room, and{bei , Weir's. manufacture. A main feed-water filter of the 
— {being placed high up near the level of the ; manceuvring valves being led down and having hand | gravitation type is fitted, and an euxiliary filter is 
_ stop valves, The starting platform is placed | wheels fitted at a convenient height for operating. vided for the condensed steam from the cargo- 
a few feet above the tank top, to suit the general| The revolution counter and pressure gauges are ing coils and fuel-oil heaters. There is also an 
arrangement of the machinery, the spindles from the| grouped on a stand adjacent to the starting position. | auxiliary condenser of the Weir Uniflux type to deal 
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with the exhaust from the whole of the auxiliary 
machinery, including the oil-cargo pumps. ; It, is 
designed to give a vacuum of about 20 in., and is, of 
course, provided with the necessary air and gisepleting 
pumps. Two single-cylinder direct-acting verti 
pumps are used in connection with the forced lubrica- 
tion system, and among other auxiliary i are 
included a service pump, a large duplex ballast ee 
and two bilge pumps worked from the gear-wheel ‘ 
The evaporating and distilling plant consists of two 
evaporators and two distillmg condensers, with a 
vertical duplex pump for circulating water through 
the latter. The auxiliary ss merally have been 
made suitable for steam at the full boiler pressure with 
a moderate degree of superheat, and for this reason 
have been fitted with metallic packing to the steam 
piston rods and some other special features. 

Steam is supplied by five boilers of the ordinary 
single-ended marine type, constructed for a working 
pressure of 220 lb. per square inch. The boilers are 
15 ft. in diameter and 12 ft. long, and the furnaces, 
of which there are three to each boiler, are fitted for 
burning oil fuel on the Wallsend-Howden Z, gs 
Superheaters of the Robinson t are provi for 
each boiler. These are desi to give a maximum 
superheat of 200 deg. F. at the turbine stop valve, 
as mentioned above. The boilers work under forced 
draught on the Howden , for which air is supplied 
by ove large double inlet fan. Two single-cylinder 
enclosed engines are provided for driving the fan, and 
these are arranged so that either engine can be used 
while the other is kept as « 1 

In order to reduce as much as ible the loss of 
heat by radiation and convection from hot surfaces of 
boilers, turbines, &c., careful attention has been given 
to the matter of heat insulation. As an example of 
the thoroughness with which this important part of the 
work has been carried out, we may mention that the 
inner cleading of the turbine casings consists of asbestos 
mattresses, 1} in. thick, and the outer cleading is 
composed of magnesia blocks, 2 in. thick. An air 
space is left between the inner and outer cleading, 
and the whole is covered with planished steel sheets 
secured with polished steel bands. The boilers are 
covered, for the most part, with 1 in. of plastic magnesia 
covering, on top of which is a 3-in. coating of diatomite. 
Over this is placed a }-in. layer of asbestos hair felt 
secured with galvanised wire netting, and the whole is 
covered in with 18-gauge galvanised iron sheeting held 
in place by galvanised iron straps. The lower portions 
of the boiler shells are covered with detachable asbestos 
mattresses, 3.in, thick, held in position by galvanised 
steel plating. The steam cylinders of the auxiliaries 
are carefully covered, as also are steam valve chests 
and all other exposed steam surfaces throughout the 
installation. 

The whole of the machinery has been designed in 
accordance with the rules and regulations of Lloyd’s 
Register, and it has been constructed under the super- 
vision of Mr. Thomas McLellan, the superintendent for 
the owners. The trials took place in September last, 
when, in spite of very adverse weather, a mean speed 
of 11} knots was realised, It is anticipated that with 
normal weather conditions a speed of 12 knots will be 
obtained at full-load draught. 





COKE OVEN MACHINES. 

On Plates V and VI, which accompany this week’s 
issue, there are given in Figs. 1 to 3, illustrations of some 
combination machines used in connection with the 
working of the Koppers type of coke oven. They were 
constructed by The Wellman-Seaver-Morgan Company, 
Cleveland, O:, U.S.A., who are associated in thi 
country with The Wellman Smith Owen Engineering 
Corporation, Limited, Kingsway, London, W.C.2. 
The latter have the sole manufacturing rights for Great 
Britain. These machines perform three operations, 
namely, removing the oven door, levelling the coal and 
pushing the product out of the oven when the coking 

rocess is completed. The machine is best seen in 
igs. land 3. Of these, Fig. 1 shows two coke pushers 
constructed for the American Steel and Wire Com- 
pany for their coke plant at Cleveland, O., U.S.A., the 
am Fig. 3, having been ‘supplied to steelworks in 
orea, 

The machine, which is uséd ‘o ‘operate 16-ft. ovens, 
consists of a heavy steel frame, mounted on rails 
28 ft. 6 in. apart. The frame is supported by 
two-wheels on either side, whose centres are 14 ft. 
apart. The overall width is 20 ft. 6 in. The three 
operations are independent, but are all controlled 
from one cabin. Each employs a | ram which is 
worked out from the machine and is withdrawn. 
The arrangement for extracting the doors is shown in 
Figs. 1 and 3. It consists of a ram with a travel of 
9 ft. 5} in. This is seen at the right-hand end of the 
machine in these figures. It is supported between 12-in. 
horizontal rollers carried in a steel framework, and ‘is 
Operated by motor-driven gears meshing with a rack 
on its lower flange. The ram is’ fitted with a jaw-lik, 





head pivotted upon it and fitted with spring buffing 
gear to'take up the shock on striking the door., Work- 


ing on the upper and lower extremities of thé jaw are’ 


two hook levers, cou ed together by links and capable 
of being raised and lowered by hand, the hand wheel 
of this gear being shown just behind the lower jaw. 
The.door extractor ram moves at a speed of 30 to 35 
ft.p.m., and is operated by a 7}-h.p. motor. In work- 
ing the ram is p f the hooks raised so 
as to with lugs on, and to lift, the door, and the 
ram withdrawn. The upper flange of this ram is 
fitted with chocks to prevent over running. 

The coke-pushing ram is 70 ft. 3 in. long and has a 
stroke of 57 ft. 14 in. In the machines illustrated, it 
may be seen as a heavy built-up box girder, extending 

out over the back. It is carried in A frames, 
built up of plate and angle, forming housings for 
18-in. horizontal rollers. The end of this ram is 
furnished with a large tall and narrow head of cast-steel 
8 ft, 4 in. high by 1 ft. 2 in. wide. This head is provided 
with renewable wearing plates at the sides. Under- 
neath it has an adjustable shoe which can be easily 
renewed. The ram is worked forward by an electric 
motor of 50 h.p. through gears which engage in a 
heavy cast-steel rack on its under side. The movement 
is at the rate of 60 ft. p.m. to 70 ft.p.m. This ram 
is with automatic electric limit stops, and 
blocks to prevent over travel. 

The levelling bar is best seen in the view show- 
ing the two machines for the American Steel and Wire 
or (ig: 1). These rams are 10 in. deep by 
8 in. wide, and have a length of 65 ft. with a movement 
of 42 ft. 9} in. This bar is carried in an independent 
frame in housi which are arranged to allow of a 
vertical adjustment of 8 in. This is affected, screwing 
the i up or down, by the handles to be seen on 
the tops of the housing. Owing to this comparatively 
wide ical range, this ram is not driven by rack 
like the others, but is operated by a steel wire rope, 
carried over sheaves and brought to a winding drum 
geared to a 30-h.p. motor which gives a speed to the 
bar of 80 ft.p.m. to 90 ft.p.m. e ram is supported 
in its movement by 9-in. rollers. The head of this bar 
is wedge- , and it is worked in and out over the 
coal loaded into the oven. 

This type of machine can take care of a battery of 
100 ovens. It is worked over the tracks by a 30-h.p. 
motor on the bottom of the main frame work, and driv- 
ing by means of a shaft shown in Fig. 3, gears connected 
with two of the carrying wheels. The travelling speed 
is 300 ft.p.m. The main platform level of the machine 
is about 9 ft. above rail level, and the controls are 
placed in a cabin raised again above this, so that 
the operator has his work in clear view. The whole 
machine weighs about 90 tons. Current is drawn from 
collector rails running outside the track. 

ig. 4 shows a combined coke pusher and coal 
leveller for use in connection with Semet-Solvay 15-ton 
coke ovens. This a ie a was taken during erection 
in the shops of the Wellman-Seaver-Morgan Company, 
Cleveland. It shows the essential features of this 
type of machine very clearly, though they are rather 
differen tly disposed to the pattern previously re- 
ferred to. The long pusher girder is seen extending 
through the frame, supported on large rollers and having 
at its right-hand extremity the cast-steel pusher-head. 
Above it will be noticed the levelling bar. The main 
driving motor, shaft and gearing are also clearly seen 
on the near side of the main frame. This machine is not 
provided with a door lifter. 





Institute oF Mertrats.—The Institute of Metals, 
36, Victoria-street, Westminster, S.W.1, has issued a 
card giving preliminary particulars of the meetings to be 
held in London in the coming spring ; also information 
on the proceedings at forthcomi meetings of the 
Birmingham, Scottish and Sheffield Local Sections. 





Fry’s Metat Founpry.—An important addition to 
their already extensive plant for the production of all 
kinds of white-metal alloys, has recently been opened 
by Fry’s Metal Foundry, of Holland-street, Blackfriars, 
London, 8.E. 1. The new plant includes a 7-ton pot 
furnace, six 2-ton pot furnaces, and a number of smaller 
pot and crucible furnaces, all of which are gas-fired and 
are used for melting printers’ metals, anti-friction metals, 
solders, and other alloys of this class. The larger furnaces 
are through a valve-controlled branch pipe leading 
from bottom of the pot, the metal running into a 
launder of which the outer end can be moved round by 
hand over a series of cast-iron ingot moulds placed 
radially in a semicircle on the floor. This arrangement 
enables a large number of moulds to be filled and skimmed 
rapidly by one man. Labour-saving devices are ex- 
tensively employed hout the plant, which we 
recently had an opportunity of inspecting, and every 
precaution is taken to ensure uniformity and accuracy 
in the composition of the products. To check the results, 
however, each batch is analysed in the works laboratory, 
which is suitably ay sad for both chemical and micro- 

phical work, The *s products include alloys for 
casting, and they also supply die-cast machine and 
instrument parts. 


INDUSTRIAL NOTES. 


Tue result ‘of the moulders’ ballot on the terms 
egw? agreed to on the 2nd inst. was announced 
ate on the 8th inst., at the: offices of the Friendly 





Society of Ironfounders, Manchester. The figures were 
the following :— 
Against acceptance of the terms 16,718 
For acceptance ee ios 9,631 
Majority against acceptance 7,087 


The following official statement was issued when the 
above figures were announced: “ The Joint Strike 
Committee of the Friendly Society of Ironfounders, 
the Amalgamated Society of Coremakers and the Iron 
and Steel Dressing Trade Society, express the desire 
that all members will abide by the majority vote.” 
It is reported that the 26,349 who voted form about 
50 per cent. of those who were entitled to vote. _ The 
men’s leaders have expressed disappointment at the 
turn matters have taken. Since the ballot several 
meetings have been held and renewed conferences with 
the Engineering Employers’ Federation suggested. One 
such conference was held in York last Monday, and 
at the close it was announced that the men’s representa- 
tives were to call a meeting of delegates from each 
branch with the object of placing before them the 
result of the negotiations. This meeting took place 
yesterday in Manchester ; we shall report the proceed- 
ings in our next issue. . 





The Middlesbrough correspondent of the Press 
Association states that German foundries are alive 
to the situation in connection with the moulders’ strike, 
inasmuch as offers have come from them intimating 
their readiness to supply high-grade castings for motors 
and other engines. The offers are accompanied by 
photographs; the present low rate of exchange puts 
Germany right in the market. 





According to information dated from Zurich, 
published in the French periodical Le Journal, 
American travellers who have reached Switzerland, 
after a journey in South Germany, report upon the 
extraordinary activity which rules in all the important 
German industrial centres. The present politics of the 
Berlin Government, the Americans state, is not lacking 
in ingenuity. On the one hand, the Germans announce 
broadcast that their country is ruined, that the popu- 
lation is starving and is incapable of any work; but 
if one visits by chance South Germany, where allied 
representatives never go, the picture is quite different 
from that painted by the official quarters. In South 
Germany, the factories work day and night, and large 
stocks of products are being prepared specially for 
export, and this will have for effect to greatly improve 
the German rate of exchange. At the same time, 
agents are endeavouring to create disorders in the 
bordering countries, so that these can be supplied from 
Germany exclusively. The German working class is at 
one with the German Government and submits to its 
advice; it has abandoned the 8-hour day, and has 
willingly accepted the day of 10 hours. The German 
financial. and industrial centres foresee that in the 
course of the present year Germany will again rule 
the European market: And the conclusion to be 
drawn from the above is that Germany is no more to be 
trusted now than ever. 





In the war years, says The Employer, the loss of 
working days from strikes had fallen to an exceedingly 
low figure, with which this year’s statistics offer an 
unpleasant contrast. From January 1 to November 30 
the official figures of the loss of working days from 
strikes reach the stupendous aggregate of 32,769,000, 
and if we add to these figures the unemployment caused 
to workers in other trades by the nine days’ railway 
strike, the engineering strike, the Yorkshire’ miners’ 
strike, the ironmoulders’ and other strikes, the total 
does not fall short of 40,000,000. The chief trades 
affected are textiles 8,163,000 days, engineering and 
shipbuilding 8,134,000 days, coal mining 7,406,000 
days, and transport 3,868,000 days. 





An association, called the Ex-Service Professional 
and Commercial Association, having offices at 38 and 39, 
Piccadilly, W. 1, has been formed, with the object of 
enabling the general public to distinguish between 
the ex-service tradesmen and professional men who 
gave up their business in order to enter the forces and 
those who remained at home. It is hoped to induce 
che public to trade preferably with the former. 





Since our last issue, the special delegate conference 
of the National Union of Railwaymen, which had been 
sitting for several days, decided last Friday to reject 
the Government’s proposals, and sent them back to 
the Government. The have since continued 
in session at Unity House awaiting an answer from 
the Government. The general terms offered to the 
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PLATE V ENGINEERING, Janvuary?.16, 1920. 











COKE-OVEN MACHINES. 
CONSTRUCTED BY THE WELLMAN-SEAVER MORGAN COMPANY, ENGINEERS, CLEVELAND, 0O., U.S.A. 


(For Description, see Page 78.) 
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ENGINEERING, January 16, 1920. 


PLATE VI. 


COKE-OVEN MACHINES. 
CONSTRUCTED BY THE WELLMAN-SEAVER-MORGAN COMPANY, ENGINEERS, CLEVELAND, 0O., U.S.A. 
(For Description, see Page 78.) 
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railwaymen were stated in our article on page 51 ante. 
It is understood that the delegates demand the 
abolition of the sliding-scale principle; back pay to 
August 18, 1919; and the standard wage to be based 
on the highest rate for each grade, plus the 33s. war 
bonus. Sir Eric Geddes, the Minister of Transport, 
and Sir Robert Horne, the Minister of Labour, went to 
Paris on Sunday in order to discuss the situation with 
the Prime Minister. They returned to London on 
Monday evening. A meeting was held last Wednesday 
between the Minister of Labour, the Minister of Trans- 
port, and the railwaymen’s representatives, but no 
decision was arrived at. Yesterday a conference of 
delegates of the National Union of Railwaymen was 
held ; it lasted two hours, and at the close Mr. J. H. 
Thomas, M.P., announced that “the conference had 
decided by a very narrow majority to accept the 
settlement on the further explanations of the Govern- 
ment.” Mr. Thomas and the Negotiating Committee 
subsequently visited the Ministry of Transport to 
notify the acceptance of the terms, We shall give 
further particulars on the settlement in our next 
issue, 





The Amalgamated Union of Shipbuilding, Engineer- 
ing and Constructional Workers, with the Boilermakers 
and Iron Shipbuilders’ Society, the Shipconstructors 
and Shipwrights’ Association, and the Associated 
Blacksmiths and Ironworkers’ Society, have drafted a 
Bill on the 44-hour week for introduction in Parliament 
at the forthcoming session. Amiong its clauses, the 
following may be mentioned :—No person shall be 
employed for a period of more than 44 hours during 
one consecutive week (the period between midnight 
on Saturday ‘night and midnight on the succeeding 
Saturday night), nor for a period of more than 8 hours 
during any one day. In addition to the period of 
employment allowed by this clause, whether such 
period be 44 hours a week or less, a person may, in 
case of breakdown or emergency, be employed for a 
longer number of hours—overtime—in any day; but 
overtime shall only be worked in accordance with an 
agreement arrived at between the employer and a trade 
union, or trade unions, representing the workers con- 
cerned. Further, in computing the overtime worked 
on any day, the hours worked on any other day shall 
not be taken into account. The penalty in respect 
of each offence is a fine not exceeding 20/., and a fine 
not exceeding 5l. for each day on which the offence is 
continued after conviction. Proceedings against an 
employer may be instituted by or on behalf of 4 trade 
union, and any party to such proceedings may appear 
by an officer of a trade union to which he belongs. 








Tue Prickty Pear tn Austraria.—The prickly pear 
pest has become acute in Australia during the war. The 
prickly pear plants are cactus, mostly opuntia inermis, 
which indigenous in America were introduced, purposely 
or accidentally, into Australia, where they have become 
@ very serious nuisance. They kill all other growth and 
are hardly to be eradicated by hanical 
Arsenic poisoning has proved the most effective remedy ; 
but the arsenic, the pentoxide or chloride, should not 
merely be sprayed upon the plants, but injected so 
as to destroy the roots. Sodium arsenite mixed with 
caustic soda and common salt is less expensive and also 
less dangerous a poison, but also less effective than the 
arsenic compounds alone. Even the spraying is a 
problem for the engineer as well as for the farmer, and 
during the war arsenic was not obtainable. According 
to Bulletin 12 of the Institute of Science and Industry 
of Australia, 1919, arsenic chloride is now manufactured 
in Melbourne, and the Queensland Government is going 
to supply arsenic pentoxide. The cost of eradication 
mostly exceeds 50s. per acre, so that the treatment 
will scarcely answer for poor scrub. Fortunately the 
prickly pear is not quite without utility. It can at 
any rate serve as reserve food for cattle in dry seasons, 
though the cattle cannot subsist on the cactus alone. 
Buried 18 in. under the ground it may answer as manure, 
but that is risky. The fruits and even the succulent 
leaves or stems yield some alcohol, as has been demon- 
strated in Spain and Sicily ; but the yield is too r. 
For paper-making the fibres are short and of inferior 
felting quality. The ashes of the pear, which make 
up about 10 per cent. of the dry weight, contain half 
the r weight of potash. If that potash could be obtained 
fairly pure without soil contamination, the potash 
extraction might prove profitable. But the difficulty 
in most of these possible utilisations lies in the collection 
and transport of the material; a wagon load of prickly 
pear is hardly worth troubling about. As the opuntia 
have already conquered 22,000,000 acres in Queensland 
and New South Wales, and are spreading at the rate 
of 1,000,000 acres per year, the Advisory Council of 
the Ministry of Agriculture recommend the establish- 
ment of a central laboratory and of two subsidiary 
laboratories for studying war against the prickly pear 
mainly by means of insects and fungi. The cochineal 
inse-t has almost exterminated the tree pear (opuntia 
monacantha) in Ceylon and India; but this insect i. 
relatively harmless, and experiments made so far indi- 
cate that the insects do not attack the prickly pear 





YEAR BOOKS AND ANNUALS. 

The Colliery Manager's Pocket Book, 1920 —This 
pocket book for the current year forms the fifty-first 
annual edition. It is edited by Mr. J. Vincent Elsden, 
D.8e.(London), F.G.8., and Mr. Hubert Greenwell, 
F.S.S., Assoc.M.Inst.M.E., and is published by the 
Colliery Guardian, 30 and 31, Furnival-street, Holborn, 
E.C. 4, at the price of 3s., bound in cloth. It opens 
with a diary section and has close upon 400 pages of 
information on every mining subject ; statistics of coal 
output for over thirty years, of persons employed and 
minerals raised, of accidents, of safety lamps, coal- 
cutters; also figures concerning coke, briquettes, &c. 
These particulars, together with a series of very com- 
plete notes which it gives on mining work in its different 
phases, on coal, &c., will interest not only colliery 
managers, but also a wide circle of readers and writers 
for reference purposes. 





The Electrical Engineer's Diary, 1920.—This dia 
for the current year, the twelfth r of publication, 
edited by Mr. J. H. Johnson, M.1.E.E., Assoc.A.1.E.E., 
and published at the price of 7s. 6d. by Messrs. 8. 
Davis and Co., 30 and 31, St. Swithin’s e, E.C.4, 
measures as usual 1] in. x 8} in., and contains about 
480 pages of information on all electrical subjects. 
classified in sections. It deals with the generation of 
electricity and the machinery for this, boilers, steam 
turbines, Diesel and other engines ; with the numerous 
—— of electricity for power purposes and for 
lighting ; the installation of telephones and bells, etc. 
Two new sections cover electric motor control and the 
installation and maintenance of cables. The articles 
are well written, carefully illustrated and contain 
figures and formulw which will be greatly appreciated 
by all electrical engineers. An index is included for 
the use of consulting engineers, central station 
engineers and contractors, giving the name and address 
of manufacturers of articles which are placed on the 
market with a distinctive name; also a vocabulary of 
technical terms and definitions; the wiring rules of 
the Institution of Electrical Engineers; standardisa- 
tion rules; data on the electricity supply in cities 
throughout the United Kingdom, &c. The dia 
portion, four days per page, is at the end of the book. 





The British Steel Piling Company's Diary, 1920.— 
The desk diary issued by this company, whose offices 
are at Dock House, Billiter-street, E.C. 3, illustrates the 
company’s piling sections and the methods of assembling 
— it has tables of dimensions and weights, together with 
calculations and formule. It deals also with pile- 
driving plants. The diary portion has three days per 
page, this being followed by a number of sheets of 
squared paper for the use of engineers and contractors, 





Almanacks and Calendars.—We have received from 
Messrs. Charles Churchill and Co., Limited, machine- 
tool manufacturers, Birmingham, Manchester, &c., 
and 9 to 15, Leonard-street, Finsbury, E.C. 2, a hand- 
some daily tear-off calendar. A daily tear-off calendar 
also comes to us from Commercial Cars, Limited, Luton. 
Messrs. George Cradock and Co., Limited, Wire Rope 
Works, Wakefield, have sent us one of their clearly- 
printed almanacks. Other, monthly, calendars received 
are from Messrs. Sir W. G. Armstrong, Whitworth 
and Co., Limited, 8, Great George-street, Westminster, 
8.W. 1, illustrating some of their numerous specialities ; 
from Messrs. Edgar Allen and Co., Limited, Im rial 
Steel Works, Sheffield ; from Messrs. Clayton and Co., 
Huddersfield, Limited, Karrier Works, Huddersfield, il- 
lustrating their establishment and their various vehicles; 
from Messrs. George Fletcher and Co., Ltd., specialists 
in colliery, mining and cement works plant, Derby ; 
from the Submarine Signal Company, Friars House, New 
Broad-street, E.C.; from Messrs. George Ellison, 
mechanical and electrical engineers, Perry Bar, Bir- 
mingham and London, Manchester, Leeds, &. We 
have also received monthly calendars from the Con- 
solidated Pneumatic Tool Company, Limited, Fraser- 
burgh, Scotland, and London; Messrs. Peckett and 
Sons, Limited, locomotive builders, Bristol; George 
Beaufort Richards, R.M.N., King’s Hill Chambers, 
Wednesbury, illustrating the Richards’ and Bradley’s 
patent ‘‘ New Universal” testing machine. At the 
time of going to press, a weekly tear-off calendar comes 
to us from Messrs. Ashwell and Nesbit, Limited, 
engineers and ironfounders, Leicester, Manchester, &c. ; 
a universal calendar from Messrs. 8. G. Leach and Co., 
Limited, 26 to 30, Artillery-lane, London ; a writing-pad 
with diaries and note sheets from Messrs. Johnson and 
Phillips, Limited, Electrical Works, Charlton, London, 
S.E. 7; a monthly tear-off almanack from Messrs. 
Harrison and Sons, Printers, 44 to 47, St. Martin’s-lane, 
W.C. 2; and a pocket diary from Messrs. Edward Wood 
and Co., Limited, Ocean Iron Works, Ordsal-lane, 
Manchester. , ‘ 








THE LATE MR. ALEXANDER IZAT. 

We regret to have to announce the death, which 
occurred at his residence, on the 2nd inst., in his 
seventy-sixth year, of Mr. Alexander Izat, C.I.E., 
M.Inst.C.E. 

Mr. Izat joined thé Indian Public Works Department 
as a Stanley Engineer in 1863, being posted to the 
Berars Hyderabad Assigned Districts. In 1870, 
whilst still in the Berars, he was given an opportunity 
which decided his future and directed him into railway 
construction. At that time, the Government of India 
were intent upon the rapid building of a short branch 
from the Great Indian Peninsula way at Jalamb, 
to Khangaom, one of the chief cotton marts in the 
Bombay Presidency, to help the cotton industry. 
The work was being delayed. Mr. Izat was recom- 
mended to the Cotton Commissioner as being able to 
pe the work through, and he was selected. The 

ranch, the first State Railway in India, was completed 
so rapidly and efficiently that Mr. Izat’s reputation as a 


ry railway engineer was established and his rapid rise in 


the profession assured. 

From 1870 to 1874, Mr. Izat was an executive 
engineer on the Nizam’s State Railway, where he built 
the Cogna and other large bridges. He then went to 
the Holkar State Railway, on which he constructed the 
Holkar Nerbudda Bridge, having 14 spans of 200 ft. 
In 1877 and 1878, Mr. Izat was engineer-in-chief of the 
Dhond Manmad line, and between 1878 and 1880 he 
built the Bhavnagar Gondal metre-gauge railway ; 
on completion of this he was for a short time employed 
on the Hubli Gadag section of the Southern Mahratta 
Railway. Early in 1883, Mr. Izat was appointed the 

mt and chief engineer of the Bengal and North- 
Western Railway Company. In the same year, he was 
appointed consulting engineer to the kund and 
umaon Railway, and in 1885, on the opening of that 
railway to Kathgodam, the working of the recently- 
oust Bareilly Pilibhit Provincial Railway was 
entrusted to the company, forming the beginning of 
the present Rohilkund and Kumaon Railway, Mr. Izat 
being appointed chief engineer. From then until the 
time of his death, he worked most actively for the 
promotion and development of these two railway 


ry systems and, incidentally, he largely contributed to the 


growth and expansion of the whole metre-gauge system 
in Northern India, acting at different times as consulting 
engineer to other railways. For several years Mr. Izat 
was on the Legislative Council of the Lieutenant- 
Governor of the United Provinces. The outstanding 
example of Mr. Izat’s energy was the linking up of the 
Bengal and North-Western Railway system with the 
Rohilkund and Kumaon Railway and Rajputana 
Malwa Railway, and, later, with the Eastern gal 
metre-gauge system, thereby consolidating the metre- 
gauge throughout the whole of Northern India, All 
this railway work also involved the construction of 
numerous railway bridges and stations with which 
Mr. Izat’s name is closely associated. 

Mr. Izat was for several years a Member of Council 
of the Institution of Civil Engineers, an was made a 
Companion of the Indian Empire in 1898 ; his memory 
will long survive in the affection of those who served 
under him. 





“THe Power Facriuitres or SHErrrme.p.”—This is 
a title of an illustrated pamphlet, recently issued by 
the City of Sheffield Development ment, Town 
Hall, Sheffield, from which we take the following figures. 
In 1914, the number of units of electricity sold by the 
municipal plant was 26,546,718 ; the demand in the year 
ended March 25, 1919, increased to 161,839,041 units. 
In 1917, the West Riding Coalfield _ an output of 
40,872,613 tons, and the Sheffield Company sold 
5,841,445,000 cub. ft. of gas, 909,000,000 cub, ft. pans | 
for power. The pamphlet is the tenth of The Sheffiel 
Series; a copy of each pamphlet will be sent, post free, 
on application to the department, 





Bremincuam Smartt Arms Company, Liutrep.—This 
company offer for sale 2,500,0001. 64 per cent, twelve- 
year notes, in denominations of 25l., 501. and 1001, at 
99 per cent. While the date for repayment is January, 
1932, the company has the right to y them at par 
by drawings at any time after the end of this year, on 

ving three months’ notice in writing. As is well 

nown, this company now owns the whole of the share 
capital of the Daimler Company and Messrs. Burton, 
Griffiths and Co., and 99 per cent, of the share capital 
of Messrs. William Jessop and Sons, Limited, the value 
of the net assets on all the companies embraced in the 
combination being 5,458,2571. he net annual profits 
of the company is also certified by the chairman, 
Sir Hallewell Rogers, M.P., for the last seven financial 
years, after providing for excess profits duty and ordinary 
depreciation, and making allowance for the variation 
of the dates on which the financial years of the several 
companies end. The figures approximately are as follows : 
1913, 365,6991.; 1914, 361,782/.; 1915, 623,726i. ; 
1916, 838,1937.; 1917, 1,417,3951.; 1918, 1,449,3561. ; 
1919, 1,281,228/.—total, 6,337,378, The application 
for these notes is to be made to the Im Foreign 
ae rr Limited, 1, Broad-street-place, London, 
E.C, 


* 
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SEMI-PORTABLE AERIAL ROPEWAY. 
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of a particular material of a non,recurrent 
has often to be considered by éngineers 
tractors. It necessarily leads to: a nice balancing 
of costs between many possible systems. One system 
may offer inexpensive haulage only after large initial 
outlay, while in another the actual working costs 
may 3 high though the initial outlay small. such 
circumstances any appreciable reduction of installation 
costs of a system promising low working expenses is of 
interest. An example of work in this direction is to be 
found in a type of aerial ropeway which we illustrate in 
Figs. 1 to 20, on this and the next pages. This ropeway 
was designed by the Aerial Ropeway Transporters, 
Limited, of Craven House, Kingsway, London, W.C. 2, 
for Messrs. William Muirhead MacDonald Wilson 


THE question of transporting some definite qeanity 
and con 
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and Co., Limited, railway and public works contractors, 
of 41, Parliament-street, Westminster, 8.W. 1, and was 


-| erected to handle timber on an estate in Devonshire, 


between Halwill Junction and Launceston, on the 
London and South-Western Railway. 

The plantations were less than a mile irom the rail- 
way, but the distance to the nearest loading sidin 
over bad road, was more than three miles. rther, 
the only available loading point was already congested 
with local traffic; to the high cost of road transport 
and re-handling would therefore have been added con- 
siderable delay. For such work an aerial ropeway was 
seen to be pre-eminently suited, both on account of 
the ease of erection, and of obtaining wayleaves across 
land, and low running costs. 

The main objection to permanent installations on 


123 ¢) 


g,| which we illustrate, were designed. 
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concrete foundations for handling limited quantities of 
material is the high cost an the length of time re- 
quired for the erection of a plant which, after it has 
served its immediate purpose, could not be of further 
use except at renewed heavy expenditure. It was with 
this in view that the semi-portable t of terminals 
- ie. 
towers are simple structures, com tively roughly con- 
structed. The ehict interest rear 44 a 8. a 
ropeway is of the single-cable type, with the driving an 

Seneinn gue at the upper or loading end. At the lower, 
or unloading end, there is an anchored free sheave 
only. This was sited on a short siding put in on the 
London and South-Western Railway main line. The 
design embodies standard parts composing the towers 
and fittings, while all concrete work is obviated by 
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despatched at intervals averaging 2} minutes. Th 
cost for labour and running expenses works out at 
about 6d. per ton. 

The type of carrier used is shown in Figs. 12 and 13. 
It is furnished with a tipping cradle. The trolley and 
grips are shown in Figs. 16 to20. The gripe are not 
pivoted but are held by pins in the trolley head, and 
work on rocker points on the head casting. This type 
of semi-portable ropeway installation is designed for 
dealing with quantities of up to 5,000 tons. 





FOUR-STAGE AIR COMPRESSOR. 

On page 84 we illustrate a single-crank four-stage 
air compressor constructed by Messrs. Siebe Gorman 
and Co., Limited, of 187, Westminster Bridge-road, 
and intended to supply 35 cub. ft. of “free” air at a 
discharge pressure of from 2,400 lb. per square inch, 
when running at 400 r.p.m. As will be seen from the 
general view, Fig. 1, the compressor is compact in 
form, and although the crank is enclosed, there is ready 
access to glands and other parts that may require 
occasional attention. Details of the design are illus- 
trated in Figs. 2 to 6. One object aimed at has been 
to reduce the number of separate working parts to 
a minimum. Thus, although there are four stages, but 
two cylinders are employed, and these have plungers 
rigidly connected to one and the same crosshead, 
which is reciprocated in a vertical guide by a crank 
rotating in an enclosed chamber below. 

The air cylinders are made of high-tensile bronze 
in one casting. The first and second stages of com- 
pression are effected in the one cylinder, and the third 
and fourth in the second cylinder. The first stage of 
the compression is carried out at the top of the cylinder, 
and the second in the annular space surrounding the 
trunk. After compression in each successive stage, 
the air enters a series of copper tubes forming inter- 
coolers, the surface of the tubes being proportionate 
for each stage so as to extract from the air the heat 
of compression before it passes to the next stage of 
compression. A cooler is also fitted to cool the air 
after the last stage of compression, and it is found that 
its final delivery pressure, even when this is 3,000 Ib. 
per square inch, does not greatly exceed the tempera- 
ture of the atmosphere. The whole of the intercooler 
tubes are submerged in a tank, which also surrounds 
the cylinders and cools the air during compression. 
To increase further the efficiency of compression, water 
injection is utilised, the injection water entering the 
first-stage cylinder and passing right through the com- 
pressor. e air valves are of the poppet type, and 
are arranged as represented in Figs. 4, 5 and 6, which 
show clearly the air passages to each successive stage. 
The valves are made of nickel bronze and are provided 
with bronze springs. Each stage is fitted with a relief 
valve, in case the air for any reason should leak back 
from the succeeding stage. Both the differential 
plungers are made of hard bronze and, as alread 
stated, are driven by the cast-iron slipper or trun 
which runs in bored guides in the crank-case. The 
main bearing housings, which are spigoted on to 
bored facings each side of the casing, have bronze 
bearings, and are “ ring oiled.” The crankshaft is cut 
from a solid steel forging; connecting rod and air 
cylinder stanchions are also of forged steel. The 
connecting rod is fitted with adjustable bronze bearings 
top and ttom, and the lubrication is effectively 
carried out by means of a sight-feed lubricator, the oil 
running in at the gudgeon brass and down a hole drilled 
through the connecting rod to the crank-pin brasses. 
A gun-metal circulating pump is provided for circulating 
the water through the tank containing the intercooler. 
This pump is driven from the end of the crankshaft, 
as shown in figure. 

After the final compression the air is delivered to a 
long tube which serves as a separator, and removes 
from the air any oil or water suspended therein, as the 
result of its passage through the compressing cylinders. 
This is accomplished by diverting the incoming air 
and water against the side of the tube by means of 
suitable baffles and collecting the water thus separated, 
at the bottom of the tube, where a drain valve is 
fitted. The air passes away at the top of the tube. 





Conrracts.—Messrs. Sir W. G. Armstrong, Whit- 
worth and Co., Limited, are at the present time building 
locomotives of various t four the United Kingdom, 
4% Nigeria, Trinidad, Belgium, Argentina, Brazil 
and Java. 





Frrsonat.—The British Steel and Iron 
Limited, a vate limited com 
22 and 23, ce Pountney-lane, E.C. 4, announce 
that they were registered on October 25, at Somerset 
House, with a capital of 50,000/., for dealing in steel, 
iron and mach .—The Scientific Instrument, Glass- 
ware and Potash uction Section of the Board of 
Trade was transferred on Wednesday last, the 14th inst., 
from 7, Seamore-place, W., to the main offices at Great 
George-street, 8.W.1. The telephone number is Victoria 
ee the telegraphic address “‘ Indumandep. Parl, 

ion,” 


, ae: 
y, having offices at 





ZINC FROM LOW GRADE ORES. 


In Bulletin 157 of the United States Bureau of Mines, on 
“Innovations in the Metallurgy of Lead,” Dorsey A. Lyon 
and Oliver C. Ralston gave an account of ———— 
researches, conducted by the Bureau and the University 
of Utah, in co-operation with several mining companies, 
on the utilisation of the low-grade ores of the State of 
Utah.* A further Bulletin 168 has since been published 
by the same authors, on the ‘“‘ Recovery of Zinc from 
Low-Grade and Complex Ores.” Electro-static separa- 
tors, we note, though not perfect, have done good service 
in the United States Smelting and Refining Company, 
of Midvale, Utah, where some six million pounds of 
zinc formerly wasted have been saved by the Huff 
separators since 1909. ‘Lhe principle is that good con- 
ductors, dropped on a plate charged to a high potential, 
are at once electrified to the same polarity and repelled, 
whilst poorer conductors adhere. ‘To facilitate the separa- 
tion, the particles—which must be of sand-grain size, 
not dusty—are themselves previously electrified to the 
opposite sign. Galena and pyrite being good conductors 
are thus separated without roasting, from sphalerite, a 
bad conductor. As regards flotation, the Zinc Corporation 
of Broken Hill (Australia) has, since 1913, roasted the 
zinc-lead ores sufficiently to sulphatise the lead which 
then floats, whilst the zinc remains submerged (Horwood 

rocess), In Utah, differential flotation of zinc-lead ores 
as been a partial success, 10 or more per cent. of the 
one meta] always remaining with the other. Mixed zinc 
and iron sulphides are roasted sufficiently long to destroy 
the surface of the iron pyrites an.. sulphuric acid is after- 
wards added to separate the zinc ore and iron oxide 
by flotation. ‘he addition to the watery pulp of other 
oxidising agents, } omen gor bichromates, chloride of 
lime, and also of copper sulphate (to convert the zinc 
sulphide superficially into copper sulphide) has not given 
satisfaction. The “‘ ignecus concentration,” volatilisation 
and oxidation of the zinc in a blast furnace, is best 
effected in a Wetherill furnace, which was described by 
Stone in the Bulletin of the American Institute of Mining 
Engineers, September, 1917. ‘lhe zinc solutions obtained 
by leaching the oxidised ores with various agents 
(sulphuric, hydrochloric, hydrofluoric acids, bisulphite, 
caustic soda, ammonia) contain more impurities gener- 
ally than the solutions prepared from sulphides. The 
silicic acid in these solutions is icularly troublesome. 
Unless the solutions ire hea strongly with sulphuric 
acid until they fume, the gelatinous silica remains in the 
liquid and severely interferes with electrolytic deposition 
of the zinc. Hydrofluoric acid has been tried as bleaching 
mt mainly because it promised to lessen the silica 
difficulties ; but it has not answered, and there are no 
plants in operation in the United States for treating 
oxidised zinc ores by leaching and precipitation. Electro- 
lytic precipitation is to be dealt with in a special Bulletin. 
The installation costs are very heavy, except for large 
electrolytic plants. Oxidised ores may probably be 
leached with sulphuric acid with more success when the 
zinc is afterwards to be precipitated (by lime, possibly also 
by caustic alkalis or carbonates, o: ammonia, if recover- 
able), and is not to be deposited electrolytically. As 
regards sulphurous acid and bisulphites as leaching 
agents, further experiments are required. The zinc 
losses in mining and in smelting remain heavy. 





County or Lonpon R.E. (V.) Lonpon Army TRoops 
Compantges.—A cheque for 94/. 88. 5d., being the balance 
of the funds of No. 3 Company, Royal Engineers (V.), 
London Army Troops Companies (Engineering Institu- 
tions Company), has been forwarded to Sir John Snell, 
for distribution to the Benevolent Funds of the three 
Engineering Institutions, in accordance with the arrange- 
ment made when subscriptions were invited. 





Luoyp’s Recistry mv France.—The chairman and 
several members of the Committee of Lloyd’s Register 
recently paid a visit to Paris for Ley mee of being 
present at the inaugural meeting of the French Committee 
of Lloyd’s Register. At this meeting, Mr. Denis Pérouse, 
president of the Comité Central des Armateurs de France, 
was elected president of the committee and Mr. U. 
Bocquet, Administrateur-Directeur du Comptoir Mari- 
time, with Mr. F. Godard, Director Général des Chantier 
et Heliers de St. Nazaire, vice-presidents. Mr. Poincet, 
a French. naval architect, was appointed director and 
Ingenieur-conseil of the society’s Faris office; he will 
work in collaboration with Mr. Ward, the society’s 
technical representative in France. 





MrInERAL Output oF Sours Arrica.—The mineral 
output for the Union in October, says Tne South African 
Mining and Engineering Journal, was valued at 
4,892,928/., being an increase of 569,782/., as compared 
with the September ao The diamond output was 
264,814 carats, valued at 1,547,138/., the increase in 
carats being 37,527, and in value 474,910/. The total 
gold output for the Union is returned by the Department 
of Mines as being valued at 3,078,5761., being an increase 
of 106,965. on the output for the previous month. The 
coal output of 921,438 tons sho’ a decrease of 26,426 
tons, the value of the output being 314,568/. Of this 
the Transvaal produced 590,922 tons, a decrease of 
14,500 tons. The Cape returned 403 tons, an increase of 
46 tons. The Free State produced 67,022 tons, a decrease 
of 878 tons, while Natal produced 263,091 tons, a decrease 
of 1,094 tons. Sales and shipments of tin by the Trans- 
vaal and the Cape amounted to only 52: tons, which was 
assessed at 10,368. Labour returns show that 36,072 
whites and 256,856 natives were en in mining in 
October, the former figure being an increase of 15, an 
the latter a decrease of 1,759 on the September figures. 





* See ENGINEERING, vol. cviii, page 284. 





NOTES FROM SOUTH YORKSHIRE. 
| SHEFFIELD, Wednesday. 

Iron and Steel.—Failure to arrive at a settlement of 
the moulders’ dispute has caused keen disappointment 
in the local steel and engineering trades. ‘Ihe fact that 
a considerable = ene of the strikers in Sheffield are 
in favour of an y resumption of work, was responsible 
for the circulation of a strong rumour that many of the 
men- were returning on their own account, and that 
several foundries had been re-opened. This, however, 
proves to be incorrect. hatidd engincssing employers 
are taking a firm stand with the national body, and 
declare that the <nge must be settled nationally, 
despite the undoubtedly serious position in the local 
industries. Pending any further de.elopment, the trade 
agg remains much the same as a week ago. Orders 
rom overseas buyers are plentiful, notwithstanding 
an all-round increase in prices, following the revision 
of railway traffic rates, but little headway can be made 
with pocduetiins while the dearth of moulds and castings 
continues. ‘lhe extent of the advance in raw and semi- 
finished material prices, has in many cases yet to be deter- 
mined. It is probable that another fortnight or three 
weeks will elapse before the official associations of iron 
and steel makers will issue their revised quotations. 
These will be based on the experience of the past month’s 
trading. Meanwhile, following the advance in coke 
prices, makers of pig-iron in the Derbyshire and Lincoln- 
shire districts have provisionally increased quotations 
7s. 6d. to 10s. a ton. It is probable that the ultimate 
increase will be considerably more, seeing that foundry 
and forge iron in other districts has advanced as much as 
158. to ll. a ton. ‘The advance in prices of billets and 
manufactured material will depend, of course, on the 
extent of the rise in raw material quotations, but at 
present an advance of 35s. on billets and 50s. on sectional 
material is favoured. by local makers. This will in- 
evitably be reflected in the new rates for all kinds of 
finished products, from railway and marine requirements 
down to the lighter steel goods. ‘hough substantial 
orders have been placed for rolling-stock by British 
railway companies, the improvement in export trade 
is very gradual. India is taking the largest share of 
Sheffield’s. output, but little business is being done with 
Canada or Australia, Galvanised sheet makers are 
doing a substantially increased trade with South Africa, 
Australia, India and Argentina. The output of mild 
steel is considerably below requirements. 


South Yorkshire Coal Trade.—House coal merchants 
experience great difficulty in obtaining adequate supplies. 
Orders have accumulated co siderably during the recent 
holidays, and unless improved deliveries are forthcoming, 
the shortage will be felt acutely by small consumers in the 
Yorkshire area. Wagons are running badly. Merchants 
state that hundreds of wagons have not yet made an 
appearance at the depots this year. There is a fair 
supply of all classes of manufacturing fuels for home 
requirements. Export trade, though restricted, is being 
conducted at a level of prices highly remunerative to 
South Yorkshire colliery concerns. Gas companies are 
pressing strongly for increased deliveries. Existin 
stocks in many cases will not carry local concerns beyon 
a week’s production. Quotations :—Best branch hand- 
picked, 23s. to 248.; Barnsley best Silkstone, 23s. to 
238. 6d. ; a best brights, 21s. to 22s.; Derby- 
shire house coal, 18s. 6d. to 19s.; Derbyshire best large 
nuts, 188. 6d. to 198. 6d. ; Derbyshire small nuts, 27s. 6d. 
to 28s. 6d. ; Yorkshire hards, 28s. 6d. to 29s. 6d. ; Derby- 
shire hards, 28s. 6d. to 29s. 6d. ; best slacks, 24s. to 25s. ; 
nutty, 23s. to 24s.; smalls, 198, to 20s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLessrovuer, Wednesday. 

The Cleveland Iron T1ade.—Great firmness characterises 
the Cleveland iron trade. High prices appear to be no 
check to desire of buyers to place orders, and, indeed, 
demand on both home and foreign account is heavier 
than ever. If iron was obtainable a heavy business 
would be passing, but output is insufficient to meet 
requirements. Makers are now able to obtain pheno- 
menally big prices for despatch to countries where there 
is no restriction as to charges, but they are honourably 
endeavouring to fulfil obligations to home customers. 
No. 3 Cleveland pig-iron is 175s., and that price also 
rules for all inferior grades of iron, whilst No. 1 is 
182s. 6d. These prices are for home use, the rates for 
sale to France, lgium, and Italy being 5s. higher. 
For business with all other countries there is an open 
market, and No. 3 is selling to Japan, Norway, Sweden 
and Denmark at 210s., which is now the minimum 
price named for such trade. 


Hematite Iron.—Supply of East Coast hematite is 
fairly good, but there is no pressure to sell. The area 
for export is more limited than is that for Cleveland 
iron, and the export premium to countries other than 
our European allies is not so large as is that of Cleveland 
in pone Mixed Nos. are 220s. and No. 1 is 2228. 6d. 
‘or home use, and the prices are tively 2258. and 
2278. 6d., for shipment to France, Belgium and Italy. 
For trade with other countries the quotation for hematite 
is 230s. and upward, 

Blastfurnacemen’s Wages.—Blastfurnacemen’s wages 
on the North-East Coast have just been advanced 
2-75 per cent., in consequence of the average net 
selling price of No. 3 Cleveland pig-iron for the last 
quarter of 1919 having been certified at 161s. 2-34d., as 
compared with 158s. 4-98d. for the previous three 
months. This brings wages from 104-25 per cent. to 
107 per cent. above the recently raised standard. 


Foreign Ore.—Foreign ore is very stiff. There are 
reports here that Germany ha; been buying rubio 
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extensively, and some sellers now quote on the basis of 
48s. on a 17s. parity freight, so that with c i 
Bilbao-Middlesbrough, at 30s., rubio, of 50 per cent 
— advances to the neighbourhood of 61s. c.i.f. 
‘ees, 

Coke.—Coke keeps strong, and scarce. Medium blast- 
furnace kind is 50a. 3d. at the ovens, and quality low in 
phosphorus is 53s. at_ the ovens, 


Manufactured Iron and Steel.—Finished iron and steel 
producers are exceedingly busy, and are not bothering 
about new business. Buyers are quite prepared to 
follow the all-round 25s. rise in steel, but they experience 
great difficulty in placing orders. Common iron are 
231.; marked bars, 25/.; small steel bars, 22/.; steel 
ship, bridge and tank plates, 201 ; steel boiler plates, 
231.; steel angles, 191. 10s.; steel joists, 19/7. 10s.; and 
heavy sections of steel rails, 18/. 15s. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scotch Steel Trade.—With business once again in 
full swing, the Scotch steelmakers are being faced with 
the trouble of the past year—the difficult matter of 
supplying the huge quantity of steel material demanded 
by consumers. The output during the past week has 
been very good, but it is far from equal to what is wanted, 
and managements have just to be content with trying 
to make what is available go round. It is ho that 
by good constant work the requirements will ultimately 
be met, but it will be many months before such a state 
is possible, as orders already on hand can hardly be 
completed for some considerable time. New business 
is being offered daily, and about the only question asked 
is the probable date of delivery. In the case of shi 
plates alone the quantity required by Clyde yards is 
indeed enormous, and there exists a steady pressure for 
deliveries. Shipbuilders have so much work to do that 
the -weekly consumption of steel is on a very large 
scale, and much anxiety prevails at times as to the 
prospect of the supply of plates being sufficient to keep 
them running. On the other hand, the producers are 
endeavouring to the best of their ability to keep all 
customers supplied. The demand for sections is also very 
good, and in the case of black sheets, while the output is 
large, the demand, for the heavier gauges in particular, 
is still far ahead of the supply, and it will take months 
to work off the orders on hand. There is not so much 
doing in galvanised sheets, but for many purposes the 
present price is much too high, although it is recognised 
that lower quotations cannot be expected meantime. 
The export trade is very smal] at present owing to home 
requirements, with the result that many inquiries cannot 
be looked at. In consequence of the increases in railway 
rates and higher prices of raw material, all steel quota- 
tions have been raised as from to-morrow, January 15, 
but even these advanced prices are not likely to affect 
buying. The present position of the industry was 
very carefully considered at a meeting of the Scottish 
steelmakers yesterday, and it was finally agreed to add 
25s. per ton to the price of ship plates and sections, 
and 30s. per ton to boiler plates, while black sheets are 
up by 408. per ton. The current quotations, f.o.r. at 
makers’ weds, are now as follow, for home consump- 
tion :—Ship plates, $ in. and up, 211. per ton; under 
+ in., down to and including in., 251. 58. per ton ; 
under ¥ in., down to and including } in., 26/. 15s. per 
ton; angles, &c., 201. 10s. r ton; boiler plates, 
251. 108. per ton; black steel sheets, 281. per ton, as the 
basis for 4 in. How long these quotations may hold 
good is very doubtful, and some e that another 
advance will be inevitable in the near future, 


Malleable Iron Trade.—No change has taken place in 
the malleable bar iron trade of the West of Scotland, 
and makers are being hard put to it to supply even a 
part of what is demanded. Output is still Se hind, and 
that alone is the cause of much anxiety on the part of 
producers. Inquiries continue good, particularly from 
abroad, but many very tempting lots have reluctantly 
to be turned down, as there is no prospect of reasonable 
delivery. Prices are very firm and tending higher. 

Scotch Pig-Iron Trade.—A strong tone prevails in 
the pig-iron trade of Scotland, but makers are faced 
with a Gertege of ore owing to the scarcity of tramp 
steamers usually carrying this traffie. An mcrease in the 
supply of ore would be most welcome, as the condition at 
present is causing some anxiety to makers as the demand 
for pig-iron 1s heavy. Quotations have 
again, and further mses are expected . ow 
iron is called 11/. 5s. for No. 1, and from iil. to 11l. 108. 
per ton for No. 3, Hematite is in good demand at firm 
quotations. 


Shipbuilding.—Quite a number of have taken 
place in recent times in some of the concerns 
on the ‘Clyde, and Am ated Limited, 


London, have now sec the control of three of the 
Port Glasgow yards. The three firms taken over by 
London company are, the Clyde ao ge omeeren. A and 
Engineering Company, Limited; Messrs. M h and 
Murray, Limi ; and Messrs. Ferguson Brothers, 
Limited, Several changes have been made in 
directorate of the different companies, but each will be 
carried on under its old firm name, and little or no 

will. meantime be made in the class of work in 

each firm specialises, ; 


NOTES FROM THE SOUTH-WEST. 
Canpirr, aes. : 
The Local Coal Market.—Very little business has 
on the ‘coal market the past —— 
to 
me showed an irregular tendency, to the 


if 





the. 


fact that the recent stormy weather has retarded the 
movement of shipping and dislocated previous arrange- 
ments. In consequence, collieries, though fully stemmed, 
have been uncomfortably placed in respect to empty 
wagons and, in order to secure a quick return of trucks, 
have been disposed to sell isolated fam 
ey — prices to h- . able to take i 
delivery. ‘or next week’s | , too, there 

to be rather more coal for di oat troak prices ore 
undergone any appreciable alteration, as sellers indi 
110s. for the best quality Admiralty large and from 


NOTICES OF MEETINGS. 


Tae Roya Society or Arts.—Monday, January 19, 
“ Aircraft tography in 
tain H. Hamshaw Thomas, 
ellow of Downi College, 
and formerly of the Royal n kir Force. 
- “The Taking and Production of Aerial 
hotographs.”) Wedn 
Ordinary Meeting, 
































esday, January 21, at 4.30 p.m. : 
“Ancient Cottages and Modern 


1058, to 1078. 6d. for the leading Monmouthshire and Requirements,” by Mr. Alfred H. Powell. The Right 
large, with i waitin from 100s. Bayes Hon. Ear! Ferrers will preside. 


ss q 

attached some significance to the fact that collieries 
producing the best quality coals were not asking more 
than 110s., whereas a week ago, in isolated cases, they 


Tse Instrrurron or Prrroteum TxcuxooarsTs.— 


T Jan 20, at. 5.30 p.m., at the House of the 
Royal Bousty. of : 


Arts, John-street, Adelphi, W.C. 2. 


talked about 120s,- Smalls have been very scarce and fee ns Depa wel Perea ‘* Spontaneous Ignition 
have touched 95s. for best steams, but to-day the tone |'T Liquid Fuels,” by Mr. Harold Moore, 


emperatures 
M.Se.Tech., A.L.C. 

Tue Liverroot Encrverrine Soctery.—Wednesday, 
January 21, at 8 p.m., at the — Institution, Colquitt- 
street. A discussion will be held on the Council’s Report 
on “ Engineering Training.” Copies of this Report may 
be ined on Memb ing application to the Hon. 


was slightly easier and prices range from 90s., with 
ordinaries from 85s. and inferiors from 75¢. in the 
bituminous section, No. 2 Rhondda large was firm from 
958. and throughs 85s. Coke was very scarce at 1208., 
and patent fuel was nominally worth 110s., with supplies 
extremely scarce. There has been a sharp increase in 
the price of imported pitwood up to 80s. having been 
realised, compared with 70s. a week ago. The inland 
demand continued heavy, and large quantities have been 
allocate for home consumption and despatch to Liver- 
pool, &c., by sea and rail for bunkering ——— Coal 
exports last week totalled 272,663 tons, J which 144,681 
tons went from Cardiff, 63,250 tons from Newport, 
45,404 tons from Swansea, and 18,728 tons from Port 
Talbot. 

The Iron and Steel Trades.—Generally there is no 
change in conditions. The demand for all commodities, 
on the whole, is in excess of available supplies, and in 
the majority of cases makers are booked up with orders 
over the first half of the year, and in some instances till 
September. This is especially the case in respect to 
tin plates, which range from 58s, to 60s. for the basis box. 
The export inquiry is active, and 108s. 6d. is reported to 
have been paid for F.C.B.Y.’s for March shipment. 
Tin and sheet bars are firm at 18/. per ton, and in view 
of the increased cost of production and advanced railway 
rates are expected to reach 201. Galvanised sheets are 
firm at 47/. 10s. for 24-gauge corrugated, in bundl 
with other gauges from 571, to 601. 





THE AssocriaTION OF ENGINEERING AND SHIPBUILDING 
pa ml oe Jan 21, at 7.30 p.m, 
at Birkenhead, Cheshire, Mr. Peter Doig ( | secretary 
of Association) on “‘ Screw Propellers.” — an official 
Association Lecture. Thursday, January 22, at 7.30 p.m. 
at Milton Hall, Deansgate, chester, Mr. Douglas 
Wilson, A.M.I.Mech.E., on ‘ Steam Raising from Waste 
Material,’ being an official Association Lecture. Friday, 
January 23, at 7.30 p.m., at the Grammar School, Chester- 
field, Mr. Ewart 8S. Andrews, B.Sc.(Eng.), Member of 
Council of Concrete Institute, on ‘‘ Reinforced Concrete 
Design.” 


Tar Royvat Mersoro.ocicat Sociery.——Wednesday, 
January 21, at 5 p.m., at the Rooms of the Royal 
Astronomical Society, Burlington House, Picoadil : 
Business: (1) Ordinary Meeting for the election of new 
Fellows; (2) Annual General ing; (3) Report of 
the Council for 1919; (4) Pro New Bye-Law ; 
(5) Election of the Council for 1920; (6) Presentation 
of the Symons Medal, awarded to Dr. H. H. Hilde- 
brandsson ; (7) Address on “ Pioneers in the Science of 
Weather,” by Sir Napier Shaw, D.Sc., F.R.S., President. 


Tse Concrete Instirvure.—Thursday, Jan 22, 
at 7.30 p.m., in the Lecture Hall at Denison ouse, 
296, Vauxhall Bridge-road, ninety-first Ordinary General 
Meeting. Paper by Dr. J. 8. Owens, F.R.G.S8., F.G.8., 
on ‘The attrition of Concrete Surfaces, exposed to 
Sea Action ’’ (lantern). 

Tue Royvat Socrery.—Thursday, January 22, at 
3.30 p.m., Special General Meeting—His Royal Highness 
the Prince of Wales having expressed his intention to 
attend for admission into the Society on that day. 
At 4.30 p.m., ran, Professor E. G. Coker, F.R.S5., 
and Mr. K. ©. ko, ‘The Stress-Strain Properties: 
of Nitro-Cellulose and the Law of its Optical Behaviour "’ ; 
Mr. 8. Marsh, “On Alternating Current gy > or 
communicated by Professor E. H. Griffiths, F.R.S.; 
Mr. W. H. Eccles and Mr. J. H. Vincent, ‘‘ The Variations 
of Wave-Length of the Oscillations Generated by Three 
Electrode Thermionic Tube due to C in Filament 


or Cou ting/" 
communicated by Professor W. Bragg, ER. e’ 
Mr. 8. D. Carothers, ‘‘ Plane Strain. The Direct Deter- 
mination of Stress,’” communicated by Professor A. E. H. 
Love, F.R.8.; Mr. F. Horton and Ann C. Davies, ‘‘ An 
Investigation of the Effects of Electron Collisions with 
Platinum and with Hydrogen, to ascertain whether the 
Production of Ionisation from Platinum is due to Oceluded 
H ” eommunicated by Mr. C. T. R. Wilson, 
F.R.S. ; . L. Bairstow, F.R.8., Mr. R. H. Fowler, 
and Mr. D. R. Hartree, ‘‘The Pressure Distribution on 
the Head of a Shell moving at High Velocities.” 

Tue IystrrvTion oF MiniInG AND METALLURGY.— 
Thursday, January 22, at 5.30 p.m., at the Rooms of 
the Geological Society, Burlington House, Piccadilly, 
London, W. 1. The nowens pear will be submitted 
for discussion: “Froth Fil : Its Commercial 

pplication and its Influence on Modern Concentration 

Smelting Practice,” by Mr. Walter Broadbridge, 
Member. 








THREE-CYLINDER 0-8-0 TypE SvuperRHeatTeR Loco- 
MOTIVE; NortH-EasterN Ratuway—Erratum.—We 
regret that it was stated last week in our description of 
this locomotive (page 50 ante) that the cylinders were 
compos-d of three castings. All three cylinders and 
steam chests are, we are informed, embojied in a single 
casting. 





Attoy Streets ror Licut Armovur.—In co-operation 
with the United States Bureau of Mines and the Navy 
Department, the Bureau of Standards, says The Iron Age 
is studying the a ee of special alloy steels suitable 
for light armour. The majority of these steels contain 
zirconium, while others contain molybdenum, boron, 
cerium, &c. About 150 ingots have been made the 
Bureau of Mines experiment station at Ithaca, N.Y., 
and have been rolled into plates of j in. or } in. thick 
at the Bureau of Stan s. The properties of these 
are being thoroughly examined, including the mechanical 
properties heat-treated and annealed, hardness, resistance 
to impact, microstructure, chemical and thermal analyses. 
In conjunction with the ballastic tests to be made by the 
Navy Department, valuable data are being obtained for 
the manufacture of light armour plates. 





Tue Atpwycs Burmprine Srre.—The last | build- 
ing site in Aldwych (facing the island site of the Bush 
Company and Australia House) has been secured for 
British industry ; the offer for this, made by Agricultural 
and General Testuoens, Limited, having | accepted 
by the London County Council. This important site 
has a frontage on Aldwych of about 213° ft., and an 

i The Board of the 


approximate area of 30,000 ft. . t 
Agricultural and General Engineers, Limited, with which 


A 
an 


com; are L the —— —— of 
Aveling’ end Borie, Timited” Barford, and Perkin "72" egrromow ov Eusorapost, Exovenxns.— 


.| Thursday, January 22, at 6 p.m,, at the Institution 

of Civil , Great -street, Westminster, 
8.W., “ Transformers for Electric Furnaces,” by Mr. J. L. 
Thompson, A iate Member. 


9 Ae, 





and showroom accommodation. 
i are Messrs. Josiah Gunton, F.R.I.B.A., 
W. H. Gunton, A.R.1.B.A., Finsbury House, E.C. 


Tae Junior gape or Enornerrs.—Friday, 
January 22, at 7.30 p.m., at 39, Victoria-street, S.W. 1, 
4 ie in the Chemical Industry,” by Mr. J. A. 
THe + shoo Py and or Gusus Pane — 
Priday, Jan , at 9 p.m., Friday Eveni iscourse 
the Hon. Sir Charles P , K.C.B., D.Bc., LL.D., 
-R.8., M.R.I. The subject is “ Researches at High 
a 3 paws Pecskege iiimeny-O8 Gir John Ontan” 
at 3 p.m.: * ir Jo a 
K.C.M: ne My ey Gaiety Ls on. 1, Modem Revee- 
4 ; , January 
22, Mr. Richard R. Terry, Mun Dos FRO, on 
Renaissance and England” (with 
illustrations) (Lecture II); Saturday, January 24, 
. Aspects of Modern Poetry.” 


é 
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ae 
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LE 


Tes Iwstirvmion or Meocuanicat EnGiIverers.— 
Friday, January 23, at 6 p.m., at the Institution, Storey’s 
Gate, St. J mes’s Park, '3.W. to be read: 








“Recent Advances in U' n of Water Power,” by 
Mr. Eric M. Bergstrom, of Associate Member, 
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FUELS FOR MOTOR VEHICLES. 


THERE would be little to say or write on the 
subject of fuels for motor vehicles if petrol were 
available in unlimited quantities at a price of a few 
pence per gallon, and even if we could be sure of a 
steady supply at the present high price the matter 
would hardly be one of vital importance. The real 
situation, however, gives considerable cause for 
disquiet, as there can be little room for doubt that 
the present rate of consumption will exhaust existing 
supplies in a comparatively few years. New sources 
of petroleum may, of course, be discovered and 
developed, but these will have greatly to exceed the 
sources which become exhausted in order to keep 
pace with the future demands of motor-car users 
alone, and if we add to these the probable require- 
ments of the aviation industry there is every likeli- 
hood of a shortage—to say the least of it. Moreover, 
the price of petrol, like that of all other commodities, 
will follow the law of supply and demand, which has 
already operated to increase the cost to the user 
from a few pence per gallon in the early days of 
motoring to the present price of over 3a. a gallon. 
With an increasing demand, and a diminishing 
supply, prices will continue to rise, and indirectly, 
this must have an adverse effect on our whole 
national life. 

In these circumstances it is pertinent to consider 
what means are available for eking out our supplies 
of petrol so as to delay, or prevent, its complete 
exhaustion. Of the alternative motor fuels so 
far tried benzol appears, at first sight, to be the 
most promising, since its properties most nearly 
resemble those of petrol. Recent road trials have 
shown that it can be employed without any dele- 
terious effect in an engine designed for petrol, but its 


83] present price, which is very little less than that of 


petrol, does not tend to encourage its widespread 
use. Moreover, being a by-product of gas manu- 
facture and coke-making, the supply available is 
naturally governed by those industries. However, 
it has the distinct advantage of being a home-pro- 
duced fuel, and it must certainly be considered as a 
factor likely to affect the problem of motor fuel 
supply. Paraffin and heavier oils are also possible 
fuels, but those produced from petroleum, at all 
events, suffer from the drawback that if extensively 
employed the demand would probably soon overtake 
the supply, with the usual effect on prices. 

The one liquid fuel which appears to be free from 
any objection from the point of view of future 
supply is alcohol. The great advantage of alcohol 
as @ motor fuel is that it oan be produced in almost 
unlimited quantities from innumerable vegetable 
substances, and although it may not be 
to manufacture it in sufficient quantities in this 
country, it would certainly be possible to supply 
our. whole needs from the resources of the British 
Empire. Dr. T. Blackwood Murray, in a recent 
address to the Institution of Engineers and Ship- 





builders in Scotland referred to on page 690 of our 





last volume, the opinion that denatured 
alcohol fuel could be supplied to consumers in this 
country at the price of ls. 3d. per gallon, and this 
should be a distinct incentive to automobile engineers 
and others to overcome any remaining technical 
difficulties attending its use. 

Although alcohol appears likely to become the 
chief motor fuel of the future its present high price, 
which is, of course, largely due to the excise, pute it 
quite out of court for the time being. Solid fuels, 
on the other hand, although not exactly cheap 
and plentiful at the moment, are to hand in ample 
quantities in normal times. Coal may be used for 
road traction in a variety of ways. It can be 
employed directly, either in the raw state or in the 
form of coke, for firing the boilers of steam wagons, 
or it may be used to generate electric energy for 
charging the accumulators of electric vehicles. In 
either case the fuel costs are lower than those of 
similar vehicles driven by petrol. Another method 
of using coal, and that with which we are most 
concerned at the moment, is in the form of gas. 
Gas stored in steel cylinders, or in flexible con- 
tainers, can, of course, be used in motor-car 
of design, and for certain classes of work itis 
probably a reasonable proposition. The cost of the 
compressing plant and the weight of the cylinders 
carried are the main objections, and these are of 
least importance when a considerable number of 
vehicles have to maintain a regular service over 
a comparatively short route. 

What appears to us to be a much more promising 
method of utilising solid fuel in motor vehicles was 
dealt with in a paper read by Lieutenant-Colonel 
D. J. Smith last week before the Institution of 
Automobile Engineers. In this paper, the publica- 
tion of which was commenced on page 59 ante, and 
is completed in the present issue on page 92, 
Colonel Smith describes the suction producer plant 
he has designed for road transport work, and also 
gives some particulars of its use in this connection. 
The advantages and disadvantages of the system 
are fully set out in the paper, so that it is 
for us to refer to all of them here. Of the former, 
the most obvious is, of course, the extremely low 
fuel cost, which in the case considered of a 5-ton 
lorry, works out to slightly over 0-09d. per net 
ton-mile, whereas the corresponding figure for a 
petrol lorry of equal capacity is 1-2d. To equalise 
these fuel costs it would be necessary to obtain 
petrol at the price of 2-6d. per gallon (not 2s. 6d. 
as was unfortunately printed in error in Table I, 
on page 59 ante), Even in comparison with a 
steam wagon the fuel cost with the producer plant 
is only about one-eighth as great. Fuel costs, 
however, are not the only desidera/a in the running 
of a motor vehicle. Suction gas has certainly a 
number of drawbacks in comparison with petrol, 
the only questions being whether or not the dis- 
advantages can be eliminated, and, if not, whether 
they more than outweigh the saving in fuel. The 
chief drawbacks are the time required for starting up 
from cold, the weight of the plant carried on the 
vehicle, the additional weight of fuel and water 
which must be carried for a given journey, and the 
time and trouble involved in cleaning the plant. 
What these drawbacks amount to may be gathered 
from the paper, and they certainly appear to 
be of little consequence in comparison with those 
associated with a steam vehicle. 

Unfortunately the paper gives no information as 
to the degree of reliability to be expected from 
the system, a point which, it appears to us, would 
be one of the first to be raised by a prospective user, 
especially if he had had experience with stationary 
producer plants. Obviously low fuel cost would 
cease to be attractive if accompanied by frequent 
breakdowns on the road. It would, we think, be 
extremely interesting to have particulars of a long 
series of runs under ordinary working conditions, 
with notes as to the causes of all com 
stoppages. It would then be possible to judge to 
what extent the troubles could be eliminated by 
improved design of the plant. Some such informa- 
tion is given in the Report of the Inter-Departmental 
Committee on Gas Traction, but as the vehicle used 
was not itself in good running order, and the suction 
plant was of an improvised nature, the results 
obtained are hardly fair to the system. In the trials 
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dealt with in the report, seven trips, totalling 277; 


miles, were run over a period of about,a)month, 
under conditions resembling those which obtain in 
an ordinary goods delivery service. In the country, 
or in fairly open traffic, no difficulty was experienced 
in maintaining an average speed of 10-5 m.p.h. 
The gas production was also ample to meet all 
conditions of travelling. As might be expected, 
incidental troubles were experienced, most of which 
the Committee admitted were due to defects of 
construction. Much of the difficulty was due to the 
lack of means for adjusting the fuel feed to the 
rate of consumption of the gas, and could thus be 
eliminated by modification of design, but for further 
particulars we must refer our readers to the report 
itself. 

The main point is that it is possible to produce 
a suction-gas plant which can be used on heavy 
motor vehicles, and if such plants can be shown 
to be sufficiently reliable and convenient under 
ordinary working conditions the resulting economy 
should materially affect the question of road trans- 
port. The employment of suction plants on heavy 
vehicles, for which they appear to be best suited, 
would release a considerable quantity of petrol for 
use on lighter vehicles and for other purposes, but 
from the remarks made by Mr. H. 38. Brown, of 
Messrs. Brown and Wade, Limited, during the dis- 

’ cussion of Colonel Smith’s paper, we understand 

that a plant weighing only # cwt. has already 
been tried on a Ford car with promising results. 

The most satisfactory fuel for suction gas installa- 
tions or motor cars is anthracite beans, but gas- 
coke or charcoal are also quite suitable for the work. 
The use of peat, maize cobs, and straw is also 
referred to in the paper, and many other waste fuels 
could doubtless be employed, especialy if previously 
carbonised as suggested by Dr. W. R. Ormandy in’ 
the discussion of the paper. This feature is obviously 
one of the utmost importance in those countries 
where coal and petrol are either quite unobtainable, 
or only available in small quantities at exorbitant 
prices. Generally the paper was sympathetically 
received, though some of the speakers were distinctly 
critical of the design of the producer. Doubtless 
the latter is capable of improvement, but Colonel! 
Smith’s object, we gather, has been not so much to 
obtain the maximum possible fuel economy as to 
design a producer capable of working under the 
exceedingly onerous conditions of road service, 
and we think it must be admitted that the results 
obtained in this respect are distinctly encouraging. | 
One speaker, however, frankly disapproved of the 
whole idea, and even criticised the figures given 
becatise the cost of the water used had not been 
taken into consideration. He much preferred petrol 
to producer gas and so, we imagine, would Colonel 
Smith and everyone else, if they thought that the 
former would always be available at a reasonable 
price. As it is, the question of fuels for motor cars 
is a branch of the whole fuel problem which 
automobile engineers must consider in earnest. 
It is obviously of little value to embark upon a huge 
programme of mass production of motor cars unless 
an adequate supply of fuel for them is assured. 





MERCHANT SHIPBUILDING OF THE 
WORLD. 

PerHaprs the most interesting feature of Lloyd’s 
Shipbuilding Returns for the quarter ended on 
December 31 last is that Great Britain has now 
regained her foremost position in the world of 
shipbuilding, having 757 vessels under construction, 
with an aggregate gross tonnage of 2,994,249. 
This latter figure is 27,734 tons in excess of the 
tonnage now in hand in the, United States, the 
figure for that country having fallen from 3,470,748, 
tons at the end of September, to 2,966,515 tons 
at the end of December. The British tonnage, on 
the other hand, has increased by 177,476 during 
the last quarter, and is roughly 1,014,000 tons 
greater than the corresponding figure for the end 
of: 1918. In all other countries of the world 
including the United States and: the British 
Dominions, but excluding Germany for which 
country the figures are not yet available, there are 
1,381 vessels, making 4,867,114 tons in all, under 
construction, so that the British tonnage building 


now amounts to over 38 \per cent. of the world’s 
total, The shipbuilding industry, at the moment, 
is thus in a highly satisfactory condition, and 
although some of the vessels building here are, of 
course, for foreign owners, it would seem that a 
very determined effort is now being made to regain 
our pre-war position in the world of shipping. 

With regard to the number of vessels completed 
during the quarter there is, however, rather less 
cause for congratulation. The vessels launched 
number 153 and have an aggregate tonnage of 
459,354, which is 43,309 tons more than in the 
previous quarter, but 68,846 tons less: than in the 
June quarter. The complete statistics for the whole 
year are not yet available, but by adding the 
quarterly returns it appears that 595 vessels, 
totalling 1,608,606 tons, were launched during 1919. 
This is but a slight improvement on the previous 
year, for which the figure was 1,348,120 tons. 
More than one-third of the total British tonnage 
now under construction is building in Clyde ship- 


yards, the figures for Glasgow being 155 vessels, | 


totalling 683,914 tons, an increase of 6-5 per cent. 
on the previous quarter, while those for Greenock 
are 68 vessels, totalling 337,905 .tons, which are 
rather lower than the figures for'September. The 
Tyne comes next with 114 ships, of an aggregate 
tonnage of 593,189 in hand, the increase in this 
case being 56,229 tons (10-5 per cent.) as compared 
with the figures for the previous quarter. In the 
case of Belfast and Londonderry the increase 
amounts to 24,350 tons (7*8 per cent.), there being 
39 ships in hand with a total tonnage of 336,700. 
At Sunderland 65 ships, making 299,465 tons, are 
on the ways, which is 13,075 tons (4-56 per cent.) 
more than were building there in September last, 
while at Middlesbrough there has been a slight 
decrease in tonnage building. The figures for the 
latter port are now 51 ships, totalling 225,920 tons, 
as compared with 55 vessels, making 227,565 tons 
at the end of September. Hartlepool and the 
Barrow district both show notable increases during 
the quarter, the figures for last quarter being 20 
ships (90,100 tons) and 10 ships (84,675 tons) res- 
pectively, as compared with 18 ships (77,320 tons) 
and 7 ships (55,295 tons) for the previous ‘quarter. 
The increase in the case of Barrow, it will be noted, 
amounts to well over 50 per cent. At Liverpool 
the work in hand amounts to 76,380 tons (35 ships), 
while the corresponding figures for Hull are 62,733 
tons (68 ships). The Hull tonnage has decreased 
by approximately 6 per cent. during the quarter, 
and the Liverpool tonnage has increased by a similar 
amount. 

Excluding the United States, the first posi- 
tion in shipbuilding in foreign countries is taken 
by Holland, where 126 vessels, of 328,338 tons in 
all, are now under construction. The next place 
falls to Italy, which now includes Trieste, the figures 
for this country being 125 ships, making 314,547 
tons. Japan follows with 64 ships, totalling 309,474 
tons in hand, while the British Dominions, which 
have 113 ships with an aggregate tonnage of 251,480 
in hand, take fourth place. The only other countries 
having more than 100,000 tons of shipping under 
construction are France, with 216,775 tons, Sweden 
with 110,765 tons, Spain with 107,463 tons and 
Denmark with 100,335 tons. 





THE MICROSCOPE: ITS DESIGN, CON- 
STRUCTION, AND APPLICATION. 

WHEN the members of four societies, the Faraday 
Society, the Royal Microscopical Society, the 
Optical Society and the Photomicrographic Society, 
together with the Optical Committee of the British 
Science Guild, were assembling two days ago in the 
rooms of the Royal Society for a general discussion 
on the Microscope, and looking at the list of papers 
and exhibits, they may have asked themselves 
whether the Faraday Society, to whose president, 
Sir Robert Hadfield, the initiation of the joint 
meeting is due, had been wise. in inviting the co- 
operation of the four other bodies. There were 10 
addresses and papers to be dealt with in the after- 
noon session, from 4.15 p.m. to 6.30 p.m., and 
16 more papers and the general discussion to be 
disposed of in the evening session beginning’ at 





8.15 p.m. Fortunately there was less overlapping 





in the contributions than might have been feared, 
and most of the authors had restricted themselves 
in their communications, though the reiteration of 
generalities was hardly avoidable. The interest 
taken in the very instructive exhibition, which was 
opened at 2.15 p.m., was not affected by, the 
fact that the annual exhibitions of the Physical 
and Optical Societies had been resumed the previous 
week; most of the 47 exhibitors of last Wednesday 
‘had not participated in the previous display, 
land the exhibition was, in fact, kept open till 
‘Thursday afternoon to satisfy a generally-expressed 
wish. Sir Robert Hadfield took the chair punc- 
tually at 4.15 p.m. and presided over crowded 
‘meetings both in the afternoon and evening. The 
proceedings closed at 10.25. The chief problems 
idiscussed were those of the manufacturer and the 
user of the microscope, but strictly scientific 
questions like those of resolution were by no 
‘means neglected. Like the speakers we shall have 
to restrict ourselves in our comments. 

Sir Robert Hadfield. Bart., D.Sc., D.Met., F.R.S., 
‘delivered the introductory address and presented 
two further communications. He opened his 
‘address with a brief history of the societies partici- 
ipating in the discussion, dwelt on the unenviable 
position of the British optical industry at the 
outbreak of the war, and proceeded to his main 
subject, a review of the history of the microscope 
‘from ancient days up to the present time, with 
particular reference to the application of the micro- 
‘scope to modern metallurgy and to subsidiary 
problems. The long address, which was illustrated 
by 14 plates of historical interest and supplemented 
‘by a bibliography, might be said to emphasise the 
familiar dicta or dictum—for finally the two points 
‘amount to the same—that there is little new under 
the sun, and that the obvious conclusion to be 
drawn from a new observation and the application 
to be made are frequently delayed for so long 
a time that they finally appear in the light of 
new discoveries. The microscope, or the lens at 
any rate, must have been known in ancient 
‘times, Sir Robert pointed out ; the delicate ancient 
gems could not have been cut without their 
use, lenses of rock crystal were found in the ruins 
of Nimrod’s palace, and Seneca, Plinius and others 
‘referred to the use for magnification of hollow 
glasses filled with transparent liquids. Convex 
spectacles were invented in Italy about 1300; 
Leonardo da Vinci (who died 1519) studied the 
| optical properties of lenses; but the first evidence of 
copper plates having been engraved with the aid of 
magnifying glasses was found in a book published by 
Hoefnagel at Frankfurt in 1592.. The invention of 
the microscope, by the Dutch spectacle makers 
Zacharias (father and son—miscalled Jansen, 
Sir Robert remarked) probably followed in 1619; by 
1632 Leeuwenhoek had done wonderful work with 
his 27 microscopes in which he attained magnifying 
powers of 160; Réaumur studied the structure of 
chilled iron castings under the microscope in 1722 ; 
and Henry Clifton Sorby, of, Sheffield, prepared 
sections of rocks in 1849, and of metals in 1864, 
‘for the ‘study of petrography and metallography ; 
but his work did not attract attention until in 1877. 
Martens (Berlin), and later Osmond and Le Chitelier 
(Paris) independently and anew developed the craft 
which Sorby had invented. We cannot follow 
‘Sir Robert in his précis of the niodern work on the 
microscope, but we note his statement that, during 
‘the war, the manufacture of microscopes was. not 
permitted in this country until after the conclusion 
of the armistice, other optical work being more 
pressing. 

Sir Robert’s second contribution was on the 
“Great Work of Sorby.” His third, a joint paper 
by himself and Mr. T. G. Elliot, F.1.C., on “‘ Photo- 
micrographs of Steel and Iron Sections as High 
‘Magnifications,” was illustrated by a large number 
.of magnificent slides, some of which we are able 
to reproduce on our Plate VII. Experienced work- 
men, Mr. Elliot stated, could, from the appearance 
of-a fracture, detect by the eye differences in’ the 
¢arbon percentage of 0-1 per cent., and’ even of 
0-05. per cent. “Metallographers generally | used 
magnifications of 1,000.or 1,500 ; but Sir Robert and 
Mr. Elliot had been able to obtain photographs 
of 5,000 and 8,000 magnifications. The‘diameter 
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of the actual field shown ona 3}-in. circle photo- 
graph at this magnification was only 1/2460 in., 
the actual area of the field examined was 0-00000013 
sq. in., the polished section under the mic 

being about } in. square. Ifthe whole of that area 
were magnified 8,000 times, the area covered would 
be 55 yards square, almost # acre. The objective 
yielded an enlarged image, which the eyepiece 
further: enlarged. The photomicros shown were 
obtained by eyepiece magnification and extra 
camera-extension of the images given by a 2-mm. 
or 1-5-mm. objective. If the objective produced 
a blurred image, the blur was magnified; high 
magnification obtained by projecting a lantern slide 
could not bring out further detail, That depended 
upon the resolving power of the objective, as some 
of Sir Robert’s photographs exemplified. The 
first one we reproduce (Fig. 1) has the historical 
interest of having been taken by So: by; it repre- 
sents a longitudinal section of a blister steel at 
magnification 9. Of Sir Robert’s four photographs 
of an annealed alloy steel (0-84 carbon, 1-12 Cr), 
taken at magnification of 1,000, 1,500, 5,000, 8,000, 
we reproduce Fig. 2, the last, in which the magnifica- 
tion, as he remarked, had taxed the lens somewhat 
beyond its capacity; the structures of the fine 
lamellar and sorbitic pearlite come out well, though. 
Photomicrographs of diatoms had been obtained by 
transmitted light, at 5,000 magnifications, but for 
steel such magnifications were novel. To obtain 
them we wanted high resolving power and properly- 
compensated eye-pieces. The next important point 
was the preparation of the specimen, the etching— 
to remove the amorphous layer and to bring out 
the various constituents ; the etching should not be 
too deep, lest the pits and furrows produced extended, 
beyond the depth range of focus. The best results 
were obtained with alcoholic solutions of 5 per cent. 
of picric acid ; in other photographs exhibited nitric 
acid and metanitrobenzolsulphonic acid (also 5 per 
cent. solutions) had been used. The intense illumi- 
nation required was best obtained by the use of a 
20-ampere carbon lamp, hand-fed; mechanical 
feeds were never firm and free from vibration 
and were apt to require readjustment at the 
critical moment ; with cored carbons 70 volts alter- 
nating answered as well as continuous currents ; 
the authors mentioned that they had no particular 
experience with tungsten arcs and mercury vapour 
arcs. 

The vertical illuminator should be a plain glass 
disc, not a prism; the iris diaphragm of the illu- 
minator should not be closed more than necessary 
for obtaining a sharp field. For apochromatic 
objectives Sir Robert recommended a blue screen 
(light filter) and ordinary photographic plates, the 
specimen being focussed first on the ground glass 
sereen of the camera and finally adjusted with the 
aid of the clear-glass screen and the focussing 
magnifier. 

With respect to our photographs we may add that 
the black constituent of Fig. 3, Plate VII, showing 
the structure of a grey casting (containing 3-5 C, 
2-5 graphite, 2-82 Si, &c.) is graphite, the ground 
mass pearlite; three other photographs of the 
same specimen (at magnifications 100, 600, 1,500) 
clearly demonstrated the advantages of higher mag- 
nifications. Fig. 4 exemplifies the martensite and 
troostite of a quenched carbon steel (0-9 C, 0-27 Si, 
0-29 Mn) with a magnification of 8,000. Figs. 5 
and 6 illustrate the microstructure at 5,000 magnifi- 
cations of the same carbon steel (1-41 C, 0-38 Mn) 
in two different conditions. In Fig. 5 the steel was 
annealed, and the structure marks a typical pearlite 
and cementite; in Fig. 6 the steel was quenched 
and tempered, producing a structure of mixed 
troostite and cementite. The three last. figures 
were all taken with a 1-5-mm, apochromate. 
Sir Robert’s further photographs demonstrated that 
little was gained in general by enlargements of 
negative ; in the case of complicated subjects direct 
photomicrography seemed preferable. Though these 
high magnifications had so far not led to any really 
new discovery, Sir Robert said, in concluding, there 
was evidently a wide field open for further investiga- 
tion, especially as regards higher resolution and 
the use of ultraviolet light which might reveal 
unsuspected phenomena. 

(To be continued.) 


PROGRESS IN LOCOMOTIVE DESIGN ON 
THE PENNSYLVANIA RAILROAD. 


In 1916 we gave in our columns a detailed 
description of a design of 2-8-2 type of locomotive, 
which was the result of studies of tests made on the 
Pennsylvania Railroad testing plant at Altoona.* 
Mr. J. T. Wallis, general superintendent. of motive 
power of the company, later produced another 
type of engine, which has been the logical outcome 
of the use of the former type in service. The most 
interesting departure in the newer type is the 
limitation of the cut-off of steam in the cylinders 
to about 50 per cent. of the stroke. The “L-ls” 
class above referred to has been found in practice 
to work for a very large portion of its time at 
nearly full cut-off. This is because the engines 
are in use mainly on hill sections, usually in helper 
service. The idea in the new class was to design 
an engine which would work normally with a much 
more economical cut-off, and the limit was placed 
at about 50 per cent. When “hard over,” there- 
fore, the new type of engine uses steam expansively, 
but has been designed to give a total power equal 
to and, in fact, exceeding the earlier class, in which 
the bulk of the work had to be done in full gear 
without expansion. 

The new class is of the 2-10-0 type, the weight 
at the trailing end therefore being utilised for 
adhesion. The total weight of this, the “I-ls” 
class, is 371,800 Ib., or an increase of 15-9 per cent. 
on the previous type, while the weight on the 
coupled wheels is increased by no Jess than 42-4 per 
cent., to 342,050 Ib. This is important in view of 
the large increase in cylinder volume of the new 
class. The decapod, or 2-10-0 engine, has cylinders 
30} in. by 32 in. As the former engines had 
cylinders 27 in. by 30 in., this is equivalent to an 
increase of volume of 37-6 percent. From indicator 
cards taken on the new engine with the reversing 
gear right over, t.e., giving a cut-off of about 50 per 
cent., the mean effective pressure appears to be 
about 75 per cent. of the boiler pressure. This 
figure is used, therefore, for calculating the tractive 
effort in this case, instead of the figure of 85 per 
cent. more commonly adopted. Taken as it is from 
cards, this 75 per cent. includes the drop between 
the throttle and the steam chest. Using this figure, 
the tractive effort works out at about 90,000 Ib., 
the ratio of adhesive weight to tractive force being 
3-8. The driving wheels are 62 in. in diameter. 
The boiler pressure is 250 Ib. per square inch. 

When in full gear, as designed, this engine 
develops, at 7-4 m.p.h., nearly 1,744 ih.p. on test. 
The corresponding figure for the previous class, 
which had a boiler pressure of 205 lb. per square 
inch, is 1,220, so that the new engine has an 
advantage of 43 per cent. in power at starting speeds. 
At 25 m.p.h. the indicated horse-power rises to 
3,486 in the case of the ‘“I-Is” class, and only 
2,755 in the case of the “L-Is” class. At 7} m.p.h. 
a draw-bar pull of 76,000 lb. was measured for the 
new class. Tractive force curves when worked out 
for this new type show no greater divergence from 
the straight than in the former class, thus there is 
no greater tendency to slip than in the previous 
design, though the overall results are much higher. 

In order to secure valves and motion to meet the 
objects aimed at, the steam lap, with a valve with 
6-in. travel, had to be made 2 in. The lead of the 
valves is # in., and the exhaust lap 4 in. The 
valves have inside admission, and are of the 
piston type, 12 in. in diameter. With the object 
of ensuring good starting small auxiliary ports were 
introduced. These are only } in. by 1} in, 
placed 1} in. distant from the main ports, on the 
inside, and are uncovered by the valve before the 
main port. They admit steam to the cylinders under 
all conditions of running, but the amount is not 
sufficient to impair the economical working of the 
engine. With the high boiler pressure and large 
cylinders, the crank-pin pressures were unusually 
high. To take care of these the crank-pins were 
made no less than 10 in. in diameter by 88 in. long, 
while the side-rod pins were 11 in. in diameter by 
6'* in. long. 

The boiler, which has a grate area of 70 aq. ft. 
or the same as the “I-Is” class, has increased 
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of about 12 per cent. ' 

On test, the new engine has proved,to be an 
improvement in every sense on the old. . It develops 
greater power, has a higher superheat, and is more 
economical both as regards steam and coal con- 
sumption. With 250 lb. steam pressure corre- 
sponding to a temperature of 406 deg., the super- 
heat attained was about 280 deg. The saving in 
steam over the “I--ls”’ type amounts to 38, per cent. 
in full gear, in which the greater part of the work is 
done. This difference naturally decreases as both 
engines are notched up. The engine was fitted 
with a Duplex stoker, with which an output. of 
power was obtained far greater than is possible with 
hand-firing over any protracted period. At. low 
rates of firing, however, it was found that hand- 
firing was more economical, 

On the subject of auxiliary ports we may remind 
our readers that in the Gdldsdorf two-cylinder 
compound small auxiliary ports in the low-pressure 
cylinder formed an essential feature of the starting 
gear. These ports were designed to be uncovered 
only when the lever was in full gear, and they ad- 
mitted live steam direct into the low-pressure steam 
chest, in order to secure a good starting effort on 
that side of the engine. In the Pennsylvania 
engine, as we have remarked, the auxiliary ports 
are always uncovered while the engine is running. 





THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Concluded from page 57.) 

WE now propose to conclude our comments on 
the exhibition of apparatus held by the Physical 
and Optical Societies on Wednesday and Thursday 
of last week. 

Promiment among the precision instruments, of 
Messrs. H. Tinsley and Co., of Werndee Hall, South 
Norwood, 8.E. 25, were several potentiometers, and 
among these the thermoelectric compensating 
potentiometer especially made recently for, the 
National Physical Laboratory. Potentiometers are 
bridge arrangements designed for measuring small 
electromotive forces like those of thermocouples by 
balancing the force with the aid of resistance against 
the electromotive force of a normal cell. This is 
done in a divided circuit, as proposed by H. Hausrath 
in 1905, and the Tinsley potentiometer is based 
upon the apparatus described under the name of 
compensation apparatus by H. Diesselhorst, of the 
Reichsanstalt, in 1908, which embodied the improve- 
ments proposed by W. P. White (Physical, Review, 
1908), for eliminating any thermoelectric forces due 
to moving contacts and resistance fluctuations in the 
potentiometer itself. The current divides, in the 
instrument, in two branches so arranged, apparently 
symmetrical, that the current on the right-hand 
branch is one-tenth of that in the left branch ; this 
proportion is maintained for any position of the 
switches by means of compensating coils which are 
put in circuit as other coils are cut out. For this 
purpose each dial is provided with top and bottom 
sets of coils, so connected that the respective 
contact arms automatically move in opposite 
directions; the total resistance is thus always 
maintained, and what is added to the E.M.F. of the 
one side is subtracted on the other ; these variations 
only make up, in the potentiometer exhibited, 
1-3 per cent. of a total of something like 10-° volt. 
There are four pairs of dials which are called decades 
with respect to the ratio 1 : 10, and the instrument 
looks like a large resistance box ; the range is 
10,000 microvolts, The new vernier potentiometer 
of the firm resembles their universal potentiometer 
for alternating currents, but it dispenses with the 
usual slide-wire ; all the resistances are brought to 
contact studs of copper, which are capped with 
sweated-on foils of a silver-gold alloy; the end of 
the contact arm is tipped with the same non- 
tarnishing alloy which looks like steel. There are 
three dials, of 0-1 volt, 0-001 volt and aig 

stud respectively; the second, vernier, dial is 
a euted. opuses ony we ciudn ofthe hah atal, 
The Kelvin double bridge is a self-contained 
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instrument for expeditious low-resistance measure- 
ments. As the non- 
inductive low-resistance shunts and their standard- 
isation, Messrs. Tinsley, like other firms, experience 
great difficulty in obtaining suitable standard- 
resistance material (magnanin) in this country ; 
manufacturers’ guarantees may be hopelessly un- 


and from 0 to 34 millihenry in mutual inductance, 
are the ease of operation and of taking a reading. 

The artificial telephone cable (60 miles), and the 
Gall and Tinsley artificial track circuit serve more 
technical purposes. The latter instrument brings 
2 miles section of track line in any condition into 
the laboratory, with their extremities within a few 
inches of one another, and enables the electrical 
engineer to test his track-transformers, relays, 
regulating resistances, &c., in the laboratory instead 
of on the line itself, where he is constantly disturbed 
by the traffic and the weather. The instrument is 
made serviceable for both continuous and alternating 
currents, or in a simpler form, for continuous 
currents alone. The four dials (for resistance and 
inductance) of the instrument may be set to t 
any condition of ballast resistance (up to 100 ohms) 
and rail resistance and impedance (up to 2 ohms) 
for a normal current at the relay ends of 5 amperes. 
By means of a testing set the actual track circuit 
when laid can be tested by a zero method, and the 
constants of the track (impedance and ballast 
resistance) can be balanced out. On the strobo- 
scopic disc are marked four geometric figures, a 
square, a pentagon, a hexagon and a 30-point 
star. When any one of these figures turns through 
the angle subtended by two of its corners or 
points in the interval of 1/50th second, it will 
occupy the same apparent position at each flash and 
will appear stationary. Thus when the star rotates 
at 1/30th revolution in 1/50th second (1/3,000 
minute), the star will appear stationary, and this 
will also occur at any multiple of 1/30th revolution 
per 1/650th second, that is to say, for 100 r.p.m., 
200 r.p.m., 300 r.p.m., &. At the intermediate 
values of 50 r.p.m., 150 r.p.m., 250 r-p.m., &c., the 
star will look double. The hexagon will appear 
stationary at 500 r.p.m., 1,000 r.p.m., 2,000 r.p.m., 
the pentagon and square at 600 r.p.m. and 750 r.p.m. 
respectively, with intermediate doubles and trebles. 
By combining stationary appearances the speed of 
rotation can be kept constant at any desired value, 
and any creeping off or up in the shaft speed will 
immediately become visible by the slow rotation of 
the geometric figures in the one or other direction. 

The chief novelty of interest to the engineer of 
the Cambridge and Paul Instrument Company, of 
Cambridge and New Southgate, London, N.—the 
amalgamation of the firms of the Cambridge 
Scientific Instrument Company and Mr. Robert Paul 
dates from January 1, 1920—is the Cambridge 
electrical CO, recorder, another of the katharometer 
instruments devised by Dr. G. A. Shakespear, of 
Birmingham, for testing the composition of gases. 
Two cells are filled with gas, the one with the gas 
under test, the other with the standard gas. Each 
cell contains a platinum spiral, the two spirals 


being identical ; if the same electric current be sent | 


through both the spirals, they will be heated, and 
their rate of cooling will depend upon the density 
of the gas surrounding the spiral. The spirals form 
arms of a Wheatstone bridge, the galvanometer of 
which will be deflected to an extent depending upon 
the difference in the density of the two gases. In 
the CO, recorder the standard gas is air kept 


saturated with water, because the CO, in the flue gas | 


is so saturated ; the presence of carbon monoxide CO 


in the gas does not interfere with the indications 


because the density of CO happens to be the same 
as that of the nitrogen of the air. The instrument 
(Fig. 1) consists of a cylindrical box of iron, about 


9 in. diameter, closed by a glass door. The box! with a lead seal to keep out all dust. The totally| 


serves as aspirator, the water entering at D and 
leaving through the aspirator E at the rate of 
5 gallons per hour; close to FB, Fig. 1, is a U-tube 
indicating the pressure of the gas under test. The 


t , by placing 
water-flow is regulated by device B, the water to’ between 500 deg, and 1,000 deg., but they are’ special coil round the cireuit. Mr. C. R. Darling and 


run freely out of the fine tube and to trickle out of the 
wider tube. The gas enters the box at the top 
passes in the screwed plug G through a filter of glass 
wool before its admission into. the katharometer H 
which is screwed into the chamber K. The katharo- 
meter is a cylindrical block of copper, into which 
two holes are drilled parallel to the axis. One of 
these holes contains air and is joined by a tube with 
the water cylinder F for maintaining the saturation ; 
this cell is kept sealed, except for occasional ex- 
amination. The flue gas is drawn through the other 
cell, which is joined to the U- gauge 
mentioned. The spirals are made of 1 mil platinum 
wire (diameter 25-4 1) and have a length of 8 mm. 
With the aid of the four binding screws underneath 
H and a four-lead cable, the box is connected with a 
thread recorder of the Cambridge Company, the 





Fig. 1. 


CO, RECORDER. 


pointer of which is depressed once every 14 minutes 
to produce a dotted chart marking directly per 
cent. of CO, A 2-volt 40-hour battery is used to 
work the apparatus and for occasional testing with 
the aid of rheostats to meet fluctuations in the 
battery current. The CO, recorder has for some 
| time been used by one of the large boiler firms for 
control testing and ordinary observations. 

Another novelty, the flat-cutting microtome, 
| characterised by a novel orientator integral with 
the microtome, is yet in the experimental stage. 
The instrument cuts perfectly flat sections in 
paraffin celloidin and in a certain class of non- 
embedded objects. The knife is supported at both 
ends and may be set at any angle with the aid of 
split balls ; the specimen is supported on a swinging 
arm with its face horizontal. Of minor devices, we 
mention an improvement in the new moving coil 
reflecting galvanometer, for general use, weighing 
6 Ib.; the box containing the coil is pressed into 
the pole gap with a lead seal, and the screwed-in 
frame of the glass front of the box is also provided 





, Suspended high-resistance indicator for thermo- 
couples, another novelty, is provided with a 
mechanical set-up device for the zero. The 
working range of these instruments lies generally 


from 0 deg. upward. When one milled 
is turned, the pomter is pushed up on a 
a second milled head 
the pointer is set back te 
The dial thermometers for 

consist of nickelled 
copper tubes, about: size, filled with ether and 
connected by tubing of the same metal with the dial 
chamber. In the self-contained rotary bridge, a 
small square box, the bridge coils are wound in 
recesses in four ebonite drums, contact between the 
coils of adjacent drums being made by laminated 
copper brushes ; balance is obtained by rotating the 
drums with the fingers; the ratio-coils giving 
multipliers of 0-1, 1, 10, are put in operation 
by pressing ivory keys. The cross-talk meter, 
finally to be noticed, is an instrument for 
measuring the amount of cross-talk going on 
between two telephone circuits. The two parts 
of the instrument are, first, a small box con- 
taming the pairs of terminals of the two lines 
to be examined, of a transmitter and receiver, &c., 
and a reversing switch (a push-over key), and 
secondly a circular low-resistance switch. By 
means of the reversing switch’ the telephone is 
connected in succession to the two lines and to the 
meter, and the resistance is adjusted in the circular 
switch until the sounds heard are equal for the two 
positions of the key. 

The new Phantom wireless condenser of Messrs. 
Isenthal and Co., Denzil Works, Willesden, the 
invention of Mr. F. J. Chambers, is a variable 
condenser for radiotelegraphy calibrated in terms 
of wave-length. The instrument exhibited, of a 
maximum capacity of 2,500 microfarad, is a 
rectangular case of metal (the metal serves as 
electrostatic screen—maximum dimension about 
6 in.) from the top of which two pairs of condensers 
A and B are suspended by flat strips which slide 
in two parallel longitudinal grooves of the top of the 
box; these grooves are calibrated in wave-lengths 
and electrostatic units respectively. Both con- 
densers are built up of parallel plates in the usual 
fashion. The right-hand condenser of each pair 
is movable and earthed through the case ; when it 
is approached to the left stationary condenser 
(which is insulated) and pushed into it, so that the 
plates alternate with one another, the capacity of 
the pair is varied. A is the main condenser and 
has many plates; the plates are square, but one 
corner of each plate is cut off diagonally; the 
capacity varies as the distance traversed, but there 
is leakage, to reduce which the plate area is large ; 
the few plates of B are made extremely thin. The 
phantom condenser B is normally set to correspond 
with the absent area (of the corners cut off im A) 
and to correct for the leakage effect. When the 
instrument is joined to an oscillatory circuit, the 
phantom condenser is adjusted so as to compensate 
for the disturbance of the capacity by the coils of 
the circuit. 

The 0-5-kw. and 1-5-kw. transformers, and the 
large induction coils (10-in. and 16-in. spark) of the 
High Tension Company, Belvedere-road, West- 
minster, are mainly for radiotelegraphy (portable 
sets) and for X-ray work. 

The ends of the tubular resistances of the Zenith 
Manufacturing Company, of Willesden, N.W. 3, 
are fitted with ring castings so that the terminals can 
be tightened up without detriment to the tubes. 
The Zenith vibrating magnetic rectifier is a simple 
device for working from lamp sockets; the trans- 
former coil is, at one end, encircled by a perma- 
nent magnet, between the poles of which a reed 
oscillates between carbon contacts ; this reed serves 
as polarised relay, which gets into step with the 
alternations of the currents to be rectified. The 
resistance alloys used by the Concordia Electric 
Wire Company, who exhibited bare and covered 
wires, are nichrome, constantan (Cu-Ni), resistin 
(Mn-Cu), manganin (Cu-Mn-Ni), and vestalin (Ni-Fe). 

The Stopford-Darling steel-hardening indicator, 
demonstrated by Messrs. A. Gallenkamp and Co., 
of 19, Sun-street, E.C. 2, is one of the instruments 
designed to mark the temperature at which the 
steel ceases to be magnetic and which is considered 
best for quenching the steel to be hardened. This 
object can be obtained, for instance, a 
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Mr. Stopford, of Finsbury Technical College, simply | 
use a magnetic needle for closing a relay-circuit | 
including a buzzer; the buzzer will sound when the | 
temperature is reached, and the whole outfit required | 
consists of a small box containing the magnet, which | 
is bolted to any part of the furnace, and the buzzer. | 

A large number of captured German instruments | 
were exhibited by the Air Ministry and—compasses | 
especially—by the Admiralty Compass Observatory 
at Slough. There were stereotelescopes, range- | 
finders, directors and sighting ares, periscopes, 


of a dense silk fabric separating the 

chamber P.C. from the static chamber S.C. When 
the air pressure raises the diaphragm, it raises also 
the long steel spring L and the connecting rod C, 
which checks the movement of the pen arm A; the 
latter is pulled up by a spring (not shown), but held 
down by the little roller R which rides on a steel arc 
projecting from the pen arm. The speed thus 
indicated by the pen on the chart, which is clock- 
driven and calibrated in miles per hour, would not 
be compensated for the diminished air density 


clinometers, altimeters, petrol-level gauges, radiation | at high altitudes. The compensation is obtained 
thermometers, Telefunken generators, amplifiers, | with the aid of the compensating box B, which is 


signalling lamps, respirators, &c.; many of these) 


an aneroid box, but filled with air at normal pressure 
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are interesting on account their optical features and 
of their simple practical cases and clamping devices, 
&c., some also suggest the dearth of materials and 
the pressure of work. Several of these instruments 
were described last year in the Transactions of the 
Optical Society. 

To our notices of optical instruments we have 
to add that Messrs. Ottway and Co. exhibited, 
in addition to theodolites, levels, mining dials, 
&ec., a very simple focometer, of the measuring 
microscope type, a small dividing machine for 
graticules and Professor Dalby’s gauge for measuring 
screw threads. Messrs. Henry Hughes and Son, 
of 59, Fenchurch-street, E.C. 3, and their agents, 
Messrs. 8. Smith and Sons, of 179 to 185, 
Great Portland-street, had placed their aerial 
navigation instruments in a full-scale model of the 
cabin of the machine in which the illfated Captain 
Matthews attempted the flight to Australia. A 
special feature of this cabin is the Scarf ring on 
which azimuths and also positions can be taken, 
by means of land bearings. The machine carried 
three types of compasses, and two novelties, a 
Hughes-Baker air sextant and the Smith recording 
air-speed indicator. 

The Baker air sextant, due to Commander Baker, 
R.A.F., looks more like a short periscope than a 
sextant. It consists of a vertical tube, which the 
aeronaut holds in his hand: one prism is mounted 
at the top, the other at the bottom, the eyepiece is 
in front of the latter, and a micrometer rod parallel 
to the tube. When the aeronaut is above the 
stratified clouds, unable to see the land or sea, 
he determines his horizon by taking the edge of a 
cloud as artificial horizon; looking into his air 
sextant he adjusts the micrometer until he sees the 
edge in front in alignment with the edge reflected 
from the back with the sun’s image, where the two 
intersect. To facilitate taking observations in the 
glaring sun, a sunshade (a glass screen) is provided 
in front of the top prism. In the newest type of this 
sextant a bubble level is further mounted at the top 
of the tube, and this bubble is provided with a small 
lamp. The Smith recording air-speed indicator, the 
first instrument of this type, is compensated for 
altitude and air density, giving a record of the true 
air speeds and showing the landings, their time and 
duration; the instrument should be particularly 
useful for designers as well as for wind-channel 
experiments. As shown in our diagram, Fig. 2, 
(which is one-third full size) the ph box 








and temperature. As the atmosphere becomes 
rarefied, the box bulges out, and the rod E tilts the 
rod C, with which it is connected by a universal 
joint. The instrument, which is patented, was 
designed in the aerial department of Messrs. 8. 
Smith and Son, which is under the management of 
Lieut. A. W. Hulbert, R.A.F., and was calibrated 
in the wind channel of the National Physical 
Laboratory ; it weighs 8 Ib. 

We should not omit to mention that Messrs. 
Henry Hughes and Son have recently taken up the 
manufacture of standard drawing instruments by 
repetition machinery. A number of sets of instru- 
mente bearing the “ Husun” trademark of the 
firm, were among the exhibits. 





NOTES. 
Sureus In THE Panama CAnat. 

On account of the large size of the locks on the 
Panama Canal, some data recently published in 
the Canal Record, dealing with surges set up in the 
canal during lockage operations, are of interest. 
The locks at Gatun and at Miraflores are supplied 
from comparatively large bodies of lake water. 
The locks at Pedro Miguel, on the other hand, 
draw their supply from the larger Gatun lake, 
through the famous Culebra Cut, which is about 
8 miles in length. The theoretical dimensions of the 
canal for this portion are 300 ft. width by 45 ft, 
depth of water. In many places these dimensions 
have been exceeded on account of the removal of 
slides. Near the locks, in order to reduce the velocity 
of flow, the width has been increased to 600 ft., 
tapering gradually to 300 ft. The filling of one lock 
chamber requires 3,800,000 cub. ft. of water, and 
the lock takes 74 minutes to fill with two culverts 
in use, or 13} minutes with one in service. In the 
first case, the rate is 13,130 c.f.s., which is equi- 
valent to a flow of 0°6 knots in the supply channel. 
This flow is not uniform. When the valves are 
opened, the water close to the locks falls with all 
valves in use as much as 18 in., and when shut, a 
surge is set up which has a crest 18 in. above 
mean lake level. This travels back up the cut and 
is felt 7}"miles up the tortuous former valley of the 
Chagres River and in a direction at right angles 
to the canal. These surges are also noticed 
6 miles distant from Gamboa on the axis of the 
canal. The effect of opening the valves at Pedro 


is provided with a double bottom, a diaphragm D | Miguel is felt at Gatuncillo, 7} miles from Gamboa 
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Improvements IN TEs MacHINERy. 

The position of engineer on « tea garden is not 
an enviable one, as the pay, generally, 
is poor, and it very seldom leads to anything. T 
this fact is said to be due the relatively small im- 
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well receive the attention of the manufacturers. 

The saving effected would soon pay for some extra 

initial cost of improved apparatus. 
Connzorine-Rop Bouts ror DrgsEL ENGrnzs, 


From the discussion at a recent meeting of the 
Diesel Engine Users’ Association it would seem that 
there is as yet no settled practice as to the best 
material to employ for the bolts of connecting rods 
for Diesel engines. Some firms employ for this 
purpose Low Moor or Farnley iron, whilst others 
adopt 3 per cent. nickel steel, being able to 
reduce somewhat the dimensions of the big-end. 


which these bolts break. Engineer-Commander, 
Church states that with the high-speed Diesel 
engines used for submarines failures are practically 
unknown. Only two failures have occurred, and 
in each case this was due to the slacking back of 
the bolts. The material which has been adopted 
for the connecting-rod bolts of these submarine 
engines has been a high grade acid steel, with a 
tensile strength of 28 to 32, or from 31 tons to 
35 tons per square inch, and and one in eight of 
the finished bolts is tested to destruction. For 
4-eyele engines running at 380 r.p.m. and developing 
100 h.p. in each cylinder, the bolts have a diameter 
of 1} in., and the calculated stress on them is 
6,600 Ib. per square inch. In more recent engines, 
running at 400 r.p.m., 3 per cent. nickel steel has 
been used, having an ultimate strength of 40 tons 
to 45 tons per square inch. The material is 
“normalised,” but not subjected to any special 
heat treatment. The bolts are designed so as to 
have ample “stretching” lengths with a diameter 
equal to that at the bottom of the thread, and an 
ample radius is provided at the bolt-head. Great 
care is taken in fitting to ensure that the brasses 
and liners are surfaced and abut properly. It is 
not the practice in the Navy to anneal the bolts 
periodically, and Commander Church concludes that 
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unless the initial design is at fault, there should 
be' no danger of bolts failing from fatigue. Several 
.of those who took part in the discussion held that 
in the case of a piston seizure the bolts should be 
entirely replaced by new ones. 


Om Prospects. tx ScoTLAND. 


In a paper recently read before the Mining 
Institute of Scotland, Mr. H. M. Cadell gave reasons 
for believing that there is little prospect of finding 
any large beds of oil-bearing sands or rocks in 
Scotland; In his view, mineral oils are the con- 
séquence of a decomposition by natural processes 
of shales resembling those now worked in, Scotland 
for paraffin and ammonia. These shales were 
deposited in land-locked bodies of water in the 
form of fine mud heavily impregnated with impal- 
pable peaty particles, which later on formed the 
kerogen now found present in the shales. Under 
gentle heat this kerogen decomposed, yielding oil. 


Where this. decomposition is effected by natural: 


agencies, the oil gravitates away, and may be 
absorbed by porous beds of sandstone or limestone, 
overlying impervious strata. These, if subsequently 


tapped, may yield mineral oil. A study of the, 


geological structure of Scotland leads him, how- 
ever, to believe. that the conditions there are not 
such as to render it likely that any large quantity 
of oil has in ‘this region been entrapped in this 
manner. Small supplies may, no doubt, be met 
with, but the prospect of any large supply appears 
unlikely, an opinion which was endorsed by most 
of the other speakers who took part in the dis- 
cussion. Scotch oil will thus, he holds, continue 
to be derived mainly from: distillation of the 
shales, provided always that economic condi- 
tions do not make the continuation of the industry 
impossible. Were it not for the yield of ammonia 
simultaneously obtained, the distillation of these 
shales would have been abandoned years ago. The 
maintenance of the industry up to the present has, 
Mr. Cadell stated, been rendered possible only by 
the inventive genius of such men as Young, Hender- 
son, Beilby and Fraser, who devised methods for 
extracting profitably all the products that could be 
squeezed from the shale. The speaker suggested 
that similar ability applied to the distillation of 
peat might result in a considerable increase in the 
total output of Scotch oils. Here, again, it is the 
large ammonia content that may make the operation 
commercially feasible. At the outset only the 
richer deposits could be treated, but some of these 
contain nearly 2$ per cent. of nitrogen, and a yield 
of 180 lb. of ammonia sulphate per ton of peat 
should be practically attainable. In view of the 
high value of ammonia sulphate, the oil simul- 
taneously obtained from the peat would be more 
or less of a by-product. At the same time, there 
should be a substantial yield of acetone, alcohol 
and paraffin-wax. Hence, in considering Scottish 
oil possibilities, Mr. Cadell thinks special attention 
should be given to the practicability of utilising 
the peat mosses. 





Boarp or TrapE Brancn Orrices.—The War 
Tnsurance Accounts Branch of the Board of Trade and 
the headquarters of the Statistical Department have 
now removed from Gwydyr House Annexe, Whitehall, 
to the Board of Trade Offices in Great George-street, 
Westminster, 8.W. 1. 





AmerroaN Ptans mm British Inpi1a.—There are 
rumours, says The Board of Trade Journal, of the probable 
early appointment of a permanent Trade Commissioner 
in India by the United States Government, although so 
far the American C late in Calcutta is without 
definite news on the subject. In this connection, how- 
ever, it is of interest to observe that Mr. W. H. Rastall 
is now visiting India as. a Special Trade Commissioner of 
the United States Government to investigate the prospects 
for the extension of the sale of American machinery. 
Mr. Rastall is a mechanical engineer, who during the war 
was in charge, in Washington, of the aircraft productions 
of two of the American States, and he was despatched on 
this special mission to the East just before the armistice 
was signed, He came to India via Java and the Straits 
Settlements, and proposes to stay four months, then 
proceeding to China and the Far East. Up to the t 
with the exception of the American Consular in 
Caleutta and Bombay, virtually no commercial work has 
been conducted on behalf of the United States Govern- 
ment in India, but this mission and the probability of the 
appoihtment of a permanent Trade Commissioner would 
seem to indicate a determination to foster trade officially, 
and to presage still keener American competition in the 
Indian markets. 








THE LINCOLN TRACTOR TRIALS. 

Tue judges have now issued their report on the 
result of the tractor trials held at Lincoln from 
September 24 to 27. This is bound in book form, 
and can be obtained by those interested from the 
Society of Motor Manufacturers and Traders (price 
5s.). The report is very complete in regard to the 
statistics and data of each of the tractors ; it also 
gives a photograph of each machine, together with a 
short description of its mechanical specification. Most 
of these data we have already published in our issue 
of October 3, 1919, and the table we now publish on 
the opposite page gives a summary of the results. 

In the issue referred to above, on pages 444 
and 445, we divided the various machines into five 
groups roughly classifying them by their mechanical 
characteristics. Of the first 12 machines which 
head the list for fuel economy on both days, seven 
are from Group 1, i.e., those having four-cylinder 
internal-combustion engines and transmission largely 
following motor vehicle lines, in which there were 
13 entrants; two from Group 2—those machines 
which follow in general what may be called agricul- 
tural lines, being fitted with low-speed two-cylinder 
engines, and having their transmission and gearing 
more or less exposed, a class in which there were 14 
entrants; and three from Group 4—track-laying 
tractors, in which there were 4 entrants. The steam 
tractor, Mann, on the second day got into the 
premier position; on the first day it was in the 
sixteenth position on the list. It would appear, 
therefore, that developments of design will probably 
follow on the lines of Group 1 and Group 4. 

The technical adviser of the Society under whose 
auspices the trials were carried out divides his report 
under 10 headings—two dealing with dynamometer 
tests, two dealing with ploughing on heavy land and 
cliff land, two with haulage and threshing, whilst 
one section deals with the mechanical construction, 
another with the safety, one with the results of oil 
tests, and finally his report concludes with a brief 
description of each make and type of tractor 


engaged. graph of the dynamometer record in 
each cas: riven, and these are very interesting, 
and for: «ful record of the performances. The 
rules provide for no award or prize, but. various 
figures of merit have been given for— 


1. Relative capacity in acres per hour. 
2. Fuel cost per acre. 
3. Fuel cost per 
plough. 
Two sets of tables yi\ 
days’ ploughing are pub! 


) Ib. of draw-bar pull on 


se figares for the two 
and we have collected 


these figures together in the ploughing on 
heavy land and the plough: light land may 
be more readily compared. it wil! noticed that 
there is a great disparity between performance 
of the same tractor on the two days. and one which 


calls attention to the fact that ti. ler of. merit 
given in these six tables cannot, w ut qualifica- 
tion, be taken at its face value as to the relative 
merits of the various machines. No doubt every 
care has been taken in organising the trial to rule 
out as many variants as possible in order that such 
a comparison may be made, and with this end in 
view the dynamometer test has been made with 


a plough in the different fields and the result 
recorded. These results show the amount of pull 
required to propel a particular plough at that 
time, but as the fields were very large, and in some 
cases furrows were half a mile long, and different 
machines used different boards, there is not the 
slightest doubt that they are not adejuately 
representative of the average tractive effort required 
throughout the day. 

Many of the competitors were seriously handi 
capped by the extreme difficulties of transit and 


| 





Then it should be taken into consideration that in 
providing land for such a large number of machines 
(more than 500 acres were ploughed in the two days) 
it was impossible to arrange that it should be all 
exactly alike in regard to the power to. pull and 
shape of plough required to work it. 

In mechanical ploughing the power consumed 
may be roughly divided under three heads :— 

1. On overcoming internal friction and gearing of 
the machinery. 

2. Overcoming the rolling friction of the tractor 
over the ground. 

3. Providing draw-bar pull to drag the implement. 

It is probable among, say, the first- 12 to 16 
machines, that the difference in the amount of 
power absorbed in internal friction would be 
negligible, and that their order of merit would 
be by the rolling friction and tractive 
effort. The tractive effort would depend entirely 
upon the suitability of the implement and the 
resistance of the soils, and the rolling friction of the 
tractor upon the design and suitability of the track 
or wheels to run over the actual land to be ploughed. 

In order to compare actually the power required 
for this second, and probably the greatest, con- 
sumption of power, it would be necessary for the 
machines to work on identical land, and as this is 
impossible, each machine ought to be fitted with a 
recording dynamometer so that its tractive effort 
exerted in horse-power could actually be measured. 

Referring to the last column in the table, headed 
Dynamometer Test, “average efficiency of: adhe- 
sions,” the figures given represent the average 
draw-bar pull divided by the weight on the driving 
wheels or tracks of the tractors, and give some 
indication of the effectiveness of the grip upon 
the land and. the efficiency of the spuds with which 
the. driving wheels or tracks were fitted. This, of 
course, can be readily varied by a change of spuds. 
The test was only instituted to enable competitors 
to ascertain the effectiveness of such devices upon 
the land about to be ploughed, and really does not, 
without comment, form a relative characteristic of 
the design. For instance, the Cleveland tractor— 
which was tested without any spuds or projections 
of any kind, and therefore shows a very low efficiency, 
to which the technical adviser calls attention. 

Each competitor was informed of the average 
pull exerted by his tractor up to the point at which 
the driving wheel began to slip, arid this enabled 
him to arrange his spuds and choose the number of 
plough breasts that he would use. 

On Wednesday’s ploughing the measurement 
of resistance to plough the heavy land gave the 
result that it required from 9-85 lb. to 12-3 Ib. per 
square inch of the cross-section disturbed, and on 
Thursday’s ploughing on, the light land the resistance 
varied from 7-91 Ib. to 11-40 lb. per square inch, 
thus showing that some of the light land was actually 
stronger than the heavy. It was also a matter of 
comment in the judges’ report that many of the 
ploughs did not maintain their proper depth and 
that good work was sacrificed to speed. 

If it had been possible to use a recording dyna- 
mometer on the draw-bar of each machine, the 
temptation to do this would have been less and a 
truer result would have been obtained of the actual 
fuel economy of the implement and the tractor. 
The reason for the bad performance of the Mann 
steamer on the first day was undoubtedly due to the 
bad surface and local wetness at the bottom of the 
field, indeed one portion of it was actually standing 
under surface water, and no farmer would have 
ploughed land in this condition, especially as the 
adjoining field ‘on the same farm was in perfect 
condition for working the soil. However, this 
condition of soil penalised the heavy machine, and 
probably rightly, and placed its order of merit 


labour conditions at the time the trials were con. | below other machines that were competing. When, 
ducted, these having taken place just the week | however, on the second day, it was at work upon 


before the railway strike. 


Some machines did not|a dry field with a 


good firm surface, it performed 


arrive on the ground until late the night before, | well, and stood out right at the head of the list for 
and had no opportunity to make their final adjust- | economy and speed. 


ments to suit the land they were about to plough. 


| 


{In reviewing the performance of the first 12 


Also, some competitors had to be content to use| machines we have tried to arrive at some basis or 


such ploughs as they were able to obtain, and 
these were not always suited to the land. So much 
was this the case that the judges called attention 
to the point in their report. 


comparison between their relative performance on 
the two days. It is remarkable that the fuel 
consumption per acre of the three track machines 
was almost identical for the two days, although their 
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TABLE. OF RESULTS OF TRACTOR TRIALS AT LINCOLN. 


































































































DYNAMOMETER ‘TESTS. Resu.t oF PLovucHine on Heavy, Lanp. Resvutts or Prouesine on Licat anp Mepium Lanp. 
| | " 
Acres per Hour. Fuel Cost. Acres per Hour. Fuel Cost. 
Drawbar 
| Pull to | Sustained} Horse- {Efficiency. tag ys 
Name of Competitor. | Skid Pull at | Power as of Per Per 
Tractor shown | Adhesion} Capa- Order Per Order | 100 Lb.| Order Capa- r Lb. le 
Wheel. Speed, | by Test. city. of Acre. of of Draw- of city. ore ix. <r ey bod “a : 
Merit. Merit. | bar Pull.| Merit. Merit. Merit. bar Pull. Merit. 
Tb. Ib. per cent. s. d. d. s. a. d. 
Alldays 4,100 3,300 15 74 0-57 18 5 8 20 2-52 5 _ — = om ~ + 
Austin 2,900 1,950 8} 85 0-62 14 4 5 12 2-68 7 = — . 3 4 2-78 8 
Austin — ~- — _ 0-66 9 47 13 2-78 8 0-79 9 2 10 3 2-54 6 
Avery T _ 4,300 3,800 12} 68 0:73 6 4 8 14 2-92 12 0-90 3 44 21 2-92 1) 
Blackstone Track 3,100 2,300 104 46 0-69 7 30 l 1-98 3 0-64 22 8 5 ~ 2-42 5 
Clayton Track 4,750 3,500 134 56 0-81 2 3 7 2 1-70 1 0-81 8 3 8 13 1-86 2 
Cleveland Track 2,300 1,650 10 52 0-63 10 3 10 5 2-88 ll 0-54 31 44 22 3°82 25 
Cleveland Track _ — — 5a ~— var — ae | — ~— 0-71 16 3 11 16 3-50 21 
Crawley (p) 3,100 2,300 12 50 0-67 8 8 0 30 4°84 26 0-72 15 5 8 31 4-2 29 
Emerson se 4,000 3,600 144 90 0-57 19 42 9 2-62 6 0 -67 20 3 3 6 2-74 7 
Eros .. (p) 2,100 1,500 8t O4 0-53 23 6 2 22 5°96 30 0-49 33 6 0 35 6-60 34 
Fiat .. ve 5,300 3,550 12 39 0-87 1 3 10 6 2-80 9 0-93 2 2 56 1 1-04 3 
Fordson 2,200 1,500 6} 83 0-43 27 6 2 23 6-72 32 0-78 12 3 10 15 4-64 31 
Fordson ~- -- — — 0 | 33 43 10 3-86 22 0-61 25 3 7 12 4-30 32 
Garner 2,300 1,900 14 70 0-4 25 7 0 27 5-70 29 0-87 4 4 5 23 3°48 20 
Garner ee — —_ — — o— —_ — — — — 0-78 11 _ — -- -- 
G. O. * 2,300 1,900 8 68 0-38 31 5 2 17 2-92 13 0-55 30 4 0 17 3°22 17 
Glasgow (p) | 8,550 2,800 13 65 0-54 22 12 0 33 6-76 33 0-70 17 6 4 36 4-24 30 
Gray .. (p) 4,500 3,800 144 76 0-80 3 10 2 32 4-28 25 0-86 5 5 10 32 3-52 22 
Tilinois as _— — —- 0-32 34 8 11 31 5-00 27 0-79 10 3:8 14 3-24 18 
Mogul.. i a 5,000 4,200 19 53 0-61 15 6 8 26 3-14 16 0-70 18 4 5 24 3-18 15 
Inter national Junior 2,600 2,150 11} 83 0-43 28 44 1l 3-84 21 0-64 23 3 5s 11 318 16 
Titan .. - _ 4,200 2,900 144 58 0-57 20 4 0 8 3-94 23 0-52 32 43 20 3-90 26 
Titan.. - ie a — _ —_ 0-55 21 5 2 18 3-80 20 0-68 19 34 7 3-06 12 
Mann Steamer (c) 6,000 4,700 22 67 0-59 16 6 4 24 3-10 15 1-08 1 29 2 1-560 1 
Martin Track 2,500 2,050 ll 46 0-42 29 7 6 28 4°26 24 0-42 36 4 8 25 4°10 28 
Martin Wheel 300 2,700 144 77 0-63 11 5 10 21 3-30 19 0-60 29 42 19 3-40 19 
Maskell — _ _ — — —_ 8 — poe oa om 0-46 35 5 5 28 6-60 35 
Moline ee 2,000 1,600 9} 47 0-47 26 12 6 34 7°60 34 0-75 13 5 2 26 4-08 2 
Moline (p) — —_ — _ — — — ote — — 0-48 34 5 6 29 4-80 a 
Omnitractor os 4,100 3,200 17 58 0-38 32 5 2 19 2-82 10 0-84 6 5 10 33 3-62 26 
Overtime 3,800 3,200 15 80 0-75 4 3.9 4 1-80 2 0-65 21 4 0 18 2-36 4 
Pick .. as 2,500 1,800 8 53 — ote en | wis — —_ 0°61 26 8 4 37 7-44 37 
Saunderson .. 3,900 2,700 94 59 0-49 24 , 2 29 6-20 31 0-63 24 5 7 30 3-04 11 
Saunderson .. a oo -—— —- 0-74 o 5 0 16 2-98 14 0-83 7 5 3 27 3-80 24 
Wallis Junior 2,600 2,800 12 89 0-63 i2 3 11 7 3°15 17 0-73 14 3 1 5 3-14 13 
Wallis Junior -- — = —_ 0-63 13 411 15 3°28 18 0-61 24 3 6 9 3-14 14 
Weeks Simplex 2,900 2,250 9 83 0-59 17 3 8 3 2-46 4 0-61 28 3 5 10 3-00 10 
Whiting Bull 2,300 1,700 7 53 0-41 30 6 5 25 5-66 28 0-40 37 5 10 34 6°96 36 
(p) = Petrol. (c) = Coal. 
draw-bar pull varied considerably. It would thus, the piston rings, or any serious contamination of the 


appear that the track machine with its low intensity 
of pressure upon the soil shows up to ‘greater 
advantage on heavy slippery ground than on dry 
light ground, and that the other wheel machines 
practically group themselves in efficiency in more 
or less proportion to their weight per square inch 
carried on their contact with the ground. It is 
also remarkable that the Little Eros tractor, which 
only consists of a pair of ordinary shafting pulleys 
put on to the back of a Ford car, was able, with its 
1,600 lb. weight upon the driving wheels, to maintain 
@ draw-bar ‘pull of 8$ h.p., when some of ‘the other 
and larger machines with 2,400 lb. on the driving 
wheels maintained less than this amount. This 
clearly demonstrates that large weights are not 
necessary to provide ‘tractive effort, and that 
with suitable spuds light tractors will be suc- 
cessful. 

The performance of the self-contained machines 
is disappointing, as regards petrol consumption, 
and, ,as previously pointed out, the. results are 
probably deceptive. The extreme facility with 
which they can be steered assures for them a great 
future in tilling and cultivating ground among fruit 
trees, orchards and plantations where a tractor 
pulling a separate plough cannot compete. Taken 
generally the impression we have gained from our 
attendance through the whole week, of the trials 
is that @ great work has been done which will be very 
useful indeed to those who were on the ground and 
saw the actual performances of the various machines. 
Those who followed the work, with the aid of these 
figures will be able accurately to judge of the 
respective ‘fitness of the, machines’ for their par- 
ticular work, 

There is no doubt that these trials have proved 
what has been well known to those ‘concerned, that 
the design of the plough boards will have to be 
considerably modified, as the economical speed 
of mechanical traction is more than double that’ 
of the horse, and plough boards will have to be 
developed which will perform the work at a greater 
speed and equal excellence. 

‘ At the end of the trials a sample of lubricating oil 
was taken from every engine, and the tests failed to 
giveany evidence of a serious leakage of paraffin past 








oil arising from faulty construction of the engine, 
thus demonstratnig that considerable advance has 
been made in paraffin carburettor design. 

Scientific tests of the various machines, when 
used for driving a threshing drum, were given up, 
as the time was too short, but all that entered 
showed their capacity to drive satisfactorily a 
4-ft. 6-in. threshing machine under average con- 
ditions. 

In the haulage tests, which were conducted over 
a steep hill of an average gradient of approximately 
lin 11; with a short piece of 1 in 9, the eleven com- 
petitors who took part demonstrated their ability to 
pull a load of 4 tons up this gradient when the wheels 
were shod with suitable tyres. The road surface 
at the time was good and dry, and some tractors 
took their load with ordinary steel tyres fitted with 
diagonal strakes, as..is usual in tractor engine 
practice, while others were shod with rubber. It was 
noticeable, however, that the rubber tyre, was really 
the only efficient shoe for a tractor wheel working 
under these conditions, as, although the steel shod 
wheels surmounted the hill, a considerable amount 
of slipping was observed on the steep portions 
and had the surface been wet the engines would 
have been unable to perform the test. 

In the judges’ opinion, the short time occupied by 
the trials was not sufficient for any definite opinion 
to be given on the reliability of any machine, but 
the tractors ran ‘singularly free from mechanical 
trouble. The judges lay stress upon the necessity 
for simple construction, because the machines have 
mostly to be worked by men who have little or no 
mechanical knowledge, and are always at a great 
distance from any mechanical help. Strength is 
very important, both in build and engine power, 
and they recommend a large reserve, so that 
any sudden strains or jerks may not injure the 
machine.. Great importance is attached to the 
point that all the working parts should be properly 
enclosed, . The judges were of the opinion that there 
is room for further investigation and design to 
improve the wearing capacity of the caterpillar 
tractor tracks as these have such marked advantages 
on_particular classes of land. If proper protection 
and suitable lubrication could be provided to ensure 


a long life, these machines would have a very wide 
field for employment. 

The judges congratulate the Society of Motor 
Manufacturers and Traders on their general arrange- 
ment in the way that the trials have been carried 


out, and on the very great help they have been to 
farmers generally. 





Mrippiessroucs Pic-Iron Surements.—The state- 
ment issued on December 31, by Messrs. William Jacks 
and Co., 5, East India-avenue, E.C., shows the shipments 
of, pig-iron from Middlesbrough and Skinningrove to 
have m in December, 5,710 tons coastwise and 29,862 
tons foreign, a total of 35,572 tons, as compared with 
24,473 tons in November last, 28,513 tons in December, 
1918, and 27,720 tons in December, 1917. 


Exectrric WINDING PLant In NoRTHUMBERLAND.— 
An electric main winding gear has recently been put 
into service at the Isabella Colli of the doal 
Company, of Blythe, Northum . The electrical 

t of the gear was supplied by the A.E.G. Electrical 

ompany, Ltd., and the erection was completed in 
August, 1914, but owing to war conditions it was not 
considered desirable to put the plant into commission 
until Noveriber last. The mechanical of the 
winding gear was supplied by Messrs. Douglas and 
Grant of Kirkealdy, the steel — framing and 
structural work was carried out. . Joseph Cook, 
Sons and Co., Limited, of Washi a, Co, bam. 
The electric winder replaces a verti condensing, steam 
winder which was built by Messrs. Thomas Murray, of 
Chester-le-Street, seventy years ago. The power supply 
is taken from the mains of the Northern ‘ounties Blec. 
tricity Supply Company, in the form of 3-phase, 40-cycle, 
*2750. volt current, and the gear is required to raise 
150 tons an hour from a vertical depth of 900 ft. The 
qerant output is 120 tons an hour. The gear is of the 

ard-Leonard type, the converting set consisting of a 
three-bearing unit with an output of 445kw. Ultimately 
this is to be to 550 kw. by the fitting of a larger 
driving motor. The winding motor 1s of the open ven- 
tilated +. and the’ present speed is 63 r.p.m. Ulti- 
mately will be raised: to 70 r.p.m. (A Kapp - 
eompensator of Messrs. Sandycroft’s. make works in 
consunntion with my motor Wentslasnent a set. The 
main, es are 0 post type, i y means of 
weights and held off DY Sos ee ae” whi is supplied 
either from a self-contained electrically driven com- 
pressor forming part of the plant, or from the main pit 
supply. Electrical or mechanical appliances are fitted 
to stop the motor and ly the brakes in case of failure 
of supply, or of isilare 5 the existing current, or fall of 
the air pressure below 50;lb. A jimit ewitch is also fixed 
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‘at prevent the cage being lifted more than 3 ft. above the 











92 





[Jan. 16, 1920. 











200-TON 


CONSTRUCTED BY MESSRS. 





ENGINEERING. 





HINDLE, SON AND CO., ENGINEERS, 

















































































































ELECTRIC BALING PRESS. 
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as it is at 

all goods which lend 
selves to the treatment without harm should be 
properly baled. Where such power is available electric 
baling presses present many good points, as for instance, 
rapidity of operation, low cost of maintenance, &c. 
A 200-ton press of this class which is illustrated on 


of the 


present, it is 
ji them- 


utmost importance 


this and the opposite 
for the South ‘iadien 
by Messrs. Hindle, Son 
Works, Haslingden, Lancs. 
The total nominal ure exerted by this press is 
200 tons. It is wor by a@ series wound motor 
capable of a peak output 
230 r.p.m., and accelerating on light loads and when 
lowering to 1,200 r.p.m, From our illustrations it will 
be seen that the frame consists of rolled steel sections 
and plates. This frame does not take the stress 
exerted as in the hydraulic press, but merely supports 
the table, machinery, &c. whole of the b 
motor, gearing, winding drums and brake are 


was designed and built 
rt Company, Bombay, 
Co., Union Engineering 


pulleys are —— which the tale may be 
levelled and ropes adjusted, after which the latter 


are fixed by strong clamps mounted on the top table 
girders. 


.» ‘Phe current taken from the mains is pro- 
portional to the work done ; when it has increased to a 
maximum the motor is stopped automatically. The 








automatic speed variation of the series motor allows the 
to travel very quickly when ing light or 
owering. The motor is provided with ball bearings 
and is particularly designed for high speeds on light 
load, thus making the working of the press extremely 
rapid. The control is by push buttons, for “ up,” 
“down” and “stop.” ese operate contactor 
switehes in the controller. The press table operates 
an auxiliary current switch at the top and bottom limits 
of its travel, thus preventing overwinding. A maxi- 
mum current trip-switch is also incorporated in the 
controller, which acts on a predetermined current 
being reached. This stops the motor when full pressure 
is obtained, regardless of the kind of material, or size 
of bale in the ; 
The tables of the press are 6 ft. by 4 ft., and the clear 
height between the tables is 5 ft. On test the time 


taken to compress a bale of jute bags measuring 5 ft. | : 


free, to 2 ft. in height, was 26 seconds. Lowering out 

oceupied 36 seconds. The maximum current on a 

440-volt circuit direct current was 60 amperes, the 

current consumed being about 4 unit per bale. The 

purchasers were represented during the construction and 

em Mr. J. Grice Stratton, M.LE.E. 
or 


It is 
inten baling hides for export. 





PRODUCER GAS FOR MOTOR VEHICLES.* 
By D. J. Smera, Member of Council. 





* Paper read before the Institution of Automobile 
Engineers, January 7, 1920. 








While it is necessary to consider economy, even with 
» it is by no means such an important item 
as it is with petrol, and the advent of a cheap fuel serves, 
in the opinion of the author, as an opportunity to intro- 
duce a type midway between the present steam and 
petrol vehicles, having the low upkeep and reliability of 
the former with most of the advantages of the latter, 
such .as large radius of action, &c., with a fuel cost only 
a fraction of that of either. 

The chief alterations would be in the design of the 
engine, and the author proposes to deal with this only. 
Using ; cheap fuel, the need for a small high-speed 

or 1 








in 
the producer. This increase would cover the weight 
of the : ine also, but not of any increase in the 
strength of the other of the vehicle, as doubtless the 


be termed medium-built commercial vehicles, 


ee ce ane Recent petal torelen te Raving 





pressure b. 

would be necessary to obtain a fair 
Seobelar gab. An increase of 25 per cent. 
in cylinder dimensions with a ion in speed to a 
maximum of, say, 700 r.p.m., would not add unduly to 
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the weight of or space occupied by the engine, and 
should materially increase the life if the engine were 
substantially designed. The author has in mind a four- 
cylinder stationary engine, 6} in. diameter by 7} in. 
stroke, giving 43 brake horse-power on producer gas at 
600 r.p.m. This engine ran over 15,000 hours without 
renewal of any working parts, and sometimes ran 144 
hours without stopping. At 10 m.p.h. this would corre- 
spond to 150,000 miles. In the heavy slow-speed 
stationary engines, such records as the above are easily 
outdistanced, but this is not a type which could be used 
for vehicle work. The producer could be covered by the 
bonnet, the scrubber being situated behind the radiator 
with the fan in between. This would give a compact 
power plant and still allow of free access to the engine. 

The use of the high compression necessary for producer 
gas renders the engine unsuitable for use with petrol, 
but the author does not consider this a serious drawback, 
as it is not likely that petrol would ever require to be 
used, as one at least of the fuels suitable for the producer 
would be obtainable practically everywhere and manu- 
facturers would, no doubt, for vehicles up to 3 tons, 
adhere to a standard chassis and fit different engines 
according to the fuel to be used. 

The Use of Producer Gas on Petrol Vehicles.—Owing 
to the very great saving possible in fuel cost by the 
use of producer gas, many existing petrol vehicles will 
no doubt be adapted for its use, and unless this is properly 
done, the results will be disappointing, if not absolutely 
unsatisfactory. It is no longer, as the author has demon- 
strated, a matter of doubt as to whether a producer can be 
so reduced in size and weight and suitably modified as to 
allow it to be used for vehicle work. To adapt it for use 
with an engine designed for quite a different fuel is 
another matter. With most makes and types of com- 
mercial vehieles the problem resolves itself into one of 
power, if gas from anthracite or coke is used. Altera- 
tions to engines are seldom satisfactory, and the author 





Fia. 3. 


is chary of advising this course. Assuming, however, 
that no alteration in the engine is made, there is a loss 
of power of anything up to 20 per cent., varying with 
the design of engine, by using producer gas from 
anthracite or coke in place of petrol. With a high- 
powered vehicle having a relatively low gear ratio, this 
may not be serious, but with others, where the engine 
ower is comparatively low in proportion to the gross 
oad or the gear ratio is bad, it might be impossible 
to use producer gas if the vehicle had to perform the 
same work as on petrol. ° 

An instance may be given of two vehicles of different 
make, both rated at the same carrying capacity, one 
having an engine of 108 mm. diameter by 150 mm. 
stroke and the other 150 mm. diameter by 160 mm. 
stroke, the gear ratios being almost identical. If the 
vehicle is chain driven, it may be possible to fit smaller 
pinions on the countershaft, and thus, to an extent, 
negative the loss in power, but at the sacrifice of speed. 
With vehicles having a bevel or worm-driven rear axle, 
no alteration is generally possible, so that the loss of 
power must be accepted unless some alteration can be 
made ini the engine or gear-box. Some advantage would 
be obtained by increasing the compression, and a new 
set of dome-topped pistons is the best method of obtaining 
this. In some engines it is possible to fit new cylinders 
of larger bore, the compression being also increased, 
This is an expensive matter, and only possible in a few 


cases. A new and larger engine is the only remedy 
with many vehicles, as they are underpowered on trol. 
This may seem a very expensive alternative, but it 


must be remembered that by the use of producer gas, 
it has been found possible to save over 301. in fuel for 
1,000 miles running, and at this rate a new engine would 
prove a very good investment. 

With many makes, it is possible to instal producer gas 
without alteration and for the vehicle to perform its 
normal work with only a slight loss in speed over a give 





and take road, while in level districts producer gas 
could be used without any difficulty on any vehicle 
designed for petrol. 

The author considers, however, that where it is 
intended to use producer gas on a petrol vehicle ared 
peat should be used as fuel, reserving anthracite, coke 
and the more readily obtained fuels for vehicles designed 
for use with producer gas. The quantity of peat required 
is not large, and it would very soon be generally obtain- 
able if a demand existed for it. In any case, no difficul 
would be met with in getting stocks to be held at the 
vehicle garages, and as a supply for a 200 miles run can 
be readily carried, inability to get this on the road would 
not present a serious difficulty, especially as, in the case 
of a shortage, the vehicle could always be run on anthra- 
cite, coke or charcoal. Peat could, of course, be used for 
vehicles designed for producer gas, and if obtainable at 
the price quoted to the author, would be preferable, but 
the reason for advocating this fuel especially for vehicles 
designed to use petrol, will be made clear by the details 
given under “ Fuels” in this paper, and by the fact that 
it almost entirely removes the difficulty of loss of power 
caused by using gas from anthracite and coke in a petrol 
engine. 

The Performance of a Petrol Vehicle on Producer Gas.— 
The use of producer gas derived from anthracite or coke 
on @ petrol vehicle without any alteration in the engine 
or the gear ratio could hardly be expected to give satis- 
factory results, yet the following details show that it is 

ssible for the vehicle to put up ae a good ° 

ormance, and the saving in cost of fuel would more than 
counterbalance any drawbacks due to the use of producer 


gas. 

The vehicle in question was fitted with a four-cylinder 
engine, 4} in. diameter by 5 in. stroke, and, owing either 
to wear or design, the gauge compression pressure was 
only 65 lb. per square inch. Four s were fitted 
and the final drive was by worm, making any alteration 
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in the. gear ratio impossible. The weight of the vehicle 
fitted for petrol was 3 tons 12 cwt. 3 qrs. The carburettor 
and its connections were removed and the producer plant 
fitted, bringing the weight up to 3 tons 15 cwt. The 
vehicle had boon “‘ cast’ or discarded for service, and was 
in need of thorough overhaul, but no work of any sort, 
apart from the fitting of the producer, was carried out. 

The petrol consumption had been officially checked for 
over 1,000 miles while the vehicle was running on its 
ordinary work and found to be 4-7 miles per gallon. 
As it is n to deal with fuel by weight, it is assumed 
that a = of petrol weighs 8 lb., and this corresponds 
to 1-7 lb. per mile. The rated load of the vehicle was 
2 tons, giving a net load consumption of 0-85 lb. of 
petrol per ton-mile, and 0-29 lb. per ton-mile. At 
the period when these tests were carried out, May, 1918, 
petrol was 3s. 4d, _ gallon and anthracite 40s. per ton. 

Table II gives the figures of performance on a run of 
50 miles. 


Taste 11. 
Tare oes . 3 tons 15 owt. 
Loaded weight .. 5 tons 4 owt. 
Mileage... oes ose coe 
Weight of coal consumed . 104 lb. 
Consumption per vehicle-mile 2-08 lb 
Consumption per gross ton-mile... 0-4 lb 
Consumption per net ton-mile 1-43 lb 


On this particular vehicle, both fuels were being used 
uneconomically, but the relatively high consumption of 
coal compared to petrol is due to the unsuitability of the 
engine owing to low compression for use with producer 
gas. In the matter of cost, Table III, the figures are 
remarkable, in spite of this serious handicap. 


Taste III. 


Cost per vehicle-mile, petrol 
Cost per vehicle-mile, coal 


The saving is so great that there is no need to strive 
after great economy in the use of the coal, and no firm 
running petrol-driven vehicles could compete in a 
carrying business with a firm using producer gas. The 
above figures, however, can be taken as a basis of com- 
parison with any petrol-driven vehicle when converted 
to use producer gas. 

The consumption of water could not be closely checked, 
as with this plant the feed pump was driven by the same 
crank as the ash disc! , and if the stroke of the pump 
was diminished to give right quantity of water, there 
waa no discharge of ash. This has been remedied on the 
plant shown in Figs. 3 and 4, page 61 ante, a test of which 
over 2 miles with the pump out of action and the water 
measured into the a gave a consumption of 
10 oz, per mile, or 0-3 lb. per pound of fuel. This is, 
however, too little for average working and did not allow 
for any loss due to rolling, undue consumption on hills, 
&c., and the figure for water consumption should be taken 
at 0-5 lb. per pound of fuel as a maximum. 

Nearly a year later this vehicle, then in a worn-out 
condition, was put through another series of trials and 
then only consumed an average of 3-2 lb. per vehicle- 
mile. Owing to the bad condition of the fire grate, due 
to various fuel experiments, a large portion of the fuel 
passed through unburned. This and the generally bad 
quality of the fuel provided accounted for most of the 
extra consumption. The results obtained on petrol 
vehicles are cientl ~¥ to encourage the production 
of a vehicle dertgned or the use of this fuel, which 
removes one of the greatest handicaps to the development 
of road transport—dear fuel. 

The Field of Application.—The field of application of 
ae weer gas to vehicle propulsion is very wide. 

rst and largest application will undoubtedly be to the 
heavier t of o cial vehicle. With light com- 
mercial vehicles and cars there may be some opening, 
but the author has never considered this seriously, as 
one of the chief advantages with these vehicles is rapid 
starting, and consequent usefulness for short journeys. 
A producer-gas vehicle, using coal, cannot start from all 
cold in less than 14 minutes to 15 minutes, and although 
it is possible to keep the fire alight for a week and get 
away at any time in 5 minutes, even this delay is serious, 
and was one of the chief reasons for the death of the 
steam-pressure car. 

An attempt is now being made to fit a ppetene to a 
light car, The author is not v favourably impressed 
with this application, which will reduce the producer 
to ically model dimensions, but it is quite possible 
that there may be a demand for this fuel for cars, owing 
to the great saving in running cost possible by its use, 
and the fact that it would enable vehicles to be run 
in places where liquid fuel is difficult to obtain. 

y running the heavy vehicles, which have a very 
short mileage per gallon of petrel, on producer gas, 
it would release more petrol for light vehicles, and might 
have some effect on the price. 

For agricultural tractors, producer gas should have a 
wide scope. The cost of liquid fuel is a very serious 
consideration in agricultural work, and has undoubtedly 
restricted the use of internal-combustion tractors and 
Lets up to the present. In many districts, local fuel 
could be used in the producers, giving power at practically 
no cost, and this should be reflected in the price of 


food and living gen y- 
' For road po oy heavy road tractors and other 
where a considerable amount of power is y 
and it has been too costly to use petrol, internal-com- 
bustion engines can now be used. For most purposes 
where internal bustion engines, using liquid fuel, 
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are in use on any form of vehicle, producer gas could be 
substituted without difficulty and with a great saving 
in fuel cost. 

Effects of Producer Gas used in a@ Petrol Engine.— 
As a considerable amount of use may be made of producer 
gas in engines designed for petrol, some notes on the 
effect of this fuel on such engines may be of interest. In 
the first place, it was found that by using producer gas, 
lubrication troubles and troubles with carbon deposit 
caused by the present heavy petrol were greatly relieved. 
Producer gas no diluent effect on lubricating oil, 
and thinning out of the oil, with its consequent troubles, 
does not occur. The pistons also remain practically 
free from deposit, and it would only be necessary to 
decarbonise these at very long intervals, if at all. + 

With some engines with enclosed valves, trouble is 
likely to arise from the lubricating oil charring or car- 
bonising on the valve stems when producer gas is used. 
With petrol, this does not often happen, as the petrol 
vapour thins out the oil and prevents it caking. Even 
some — engines, however, are subject to this trouble, 
and this would be aggravated if producer gas were used. 

ys ing, brass or gun-metal should not be 
used in contact with the gas, though the author has not 
found any ill effects on the induction pipes, &e. Knock- 
ing or “ pinking”’ never occurs with producer gas, even 
if the speed of the engine is greatly reduced by the load, 
and with the ignition fully advanced, and it is very 
surprising how the engine will continue to pull up an 
incline without changing gear, until it is just turning 
over. It is not advisable to do this, as the power of the 
engine is proportionate to its — but it is an interesting 
point as showing the flexibility of the ucer. The 
use of unw gas has not found to cause any 
deleterious effects on the metal of cylinders, valves or 
pistons, which remain clean. 

Some we in starting up sine BS. sl was 
experienced w! using sparking plugs of the type having 
a stout central Ghestents and a thin wire electrode bent 
over from the shell. Examination showed that the heat 
had caused the thin wire electrode to py ty from the 
central electrode, and if this was bent k again, the 
plug would function satisfactorily until the engine was 
again stopped and allowed to get cold. This would seem 
to indicate that although the total heat evolved per 
charge with producer gas is less than that of petrol, the 
flame temperature is higher, as this trouble did not arise 
with petrol. The substitution for this type of plug of 
the type in which the central electrode is surroun by 
@ corrugated disc, quite removed the trouble. The 

king plugs keep very clean indeed on producer gas. 

© serious trouble is, therefore, to be anticipated in the 

use of producer gas in an engine desi; for petrol, 

ape from that of loss of power which is dealt with 
where, 

Upkeep.—The upkeep cost of the producer is a point 
which is frequently raised by those who are considering 
its application to motor vehicles. The working parts or 
parts liable to need renewal are the fire-bars and the 
refractory lining. The mechanically-operated of 
the producer, owing to the very low speed, will seldom 
require attention during the life of the vehicle, but the 
lining and firebars require periodical renewal. The cost 
of fitting a new lining is made up chiefly of the labour 
involved in the taking down and re-erection of the 
producer. A lining should run approximately 10,000 
miles, which can taken as a year’s work for the 
majority of lorries, and a set of firebars should have the 
same life. The cost of fitting the new lining would be 
about 2/., including the lining, while the cost of the new 
bars per set would 4 approximately 15s., though a whole 
set is seldom ay ey: the centre bars going first. As 
the bars can be fitted without dismantling the producer, 
little labour cost is involved. The upkeep cost is, 
therefore, very low and presents no obstacle to the 
adoption of producer gas. 

whaust Gas Analysis.—Assuming the possibility of 
large numbers of vehicles running on producer gas being 
used in congested traffic areas, it was thought advisable 
to examine the exhaust gases emitted by such a vehicle 
while running in dense traffic. For this purpose, an 

ing was made in the exhaust manifold, and from 
this, samples of the exhaust gases were taken while 
the vehicle was running at different speeds and on 
different gears. The route chosen was a typical London 
omnibus route and included congested areas at the 
busiest hours. The analyses are given in Table IV, 
and it will be seen that no apprehension need be felt 
that any annoyance will arise from the use of producer 
gee on vehicles in towns, the results comparing very 
avourably with those from the exhaust of petrol-driven 


vehicles. 




















Tasie IV. 
| ANALYSIs. 
' 
Description of Test. Carbon Free Carbon 
Di-oxide. | Oxygen. |Mon-oxide. 

| COdo. 0. co. 

rm 
Engine idling. 400 r.p.m... 14-1 3-4 nil 
4 m.p.h. 800 r.p.m... 14-0 1-6 nil 
6 m.p.h. 700 r.p.m.. . 7-0 1-8 | nil 
8 m.p.h. 700 r.p.m... 5-0 0-6 nil 
9 m.p.h. 800 r.p.m.. . 5-1 3-1 nil 
8 m.p.h. 600 r.p.m... 14°5 1-3 nil 
6 m.p.h. 500 r.p.m... 6-2 nil 1-9 
5 m.p.h. 800 r.p.m... 9-4 nil j 2-0 
5 mph. 600 rpm...) 7-0 3-9 | nil 
Engine idling ak : 11-1 4-4 nil 





It should be noted that these tests were taken from 
an engine with a compression pressure of only 65 Ib. by 





gauge, and thus not suitable for the economical use of 
cer gas. The range of ignition advance was also 
insufficient. 


Waste Gas Analysis.—When a vehicle fitted with a 
producer is standing with the engine stopped, it is 
advisable to open the gas test cock or the fuel feeder 
opening to allow ventilation to the fire and so tend to 
keep it in a condition suitable for rapid starting. It was 
therefore considered necessary to ascertain the com- 
position and volume of the gases which would be emitted 
under those conditions, and these are shown in Table V. 
In considering this it should be remembered that there is 
no flow of steam through the fire while the plant is 
standing. The most important point is the volume. 
which was gauged at 10 cub. ft. per hour, and this, when 
the vehicle is standing in the open, can be regarded as 
negligible. When standing in a garage, it is certainly 
less us than the engine exhaust of a vehicle, but 
it is nevertheless advisable to provide good ventilation 
in any garage where such vehicles are housed. 


TaBie V. 





Gas off —- Vent Cock, after returning 








_ | ome. Engine Stopped. 
| 1st Sample. 2nd Sample. 
r cent. per cent 
Carbon dioxide PS 30 5-20 ) 
Free oxygen .. -| 1°20 After 3-70 j After 
Carbon monoxide ..| 7-00 5 11-70 10 
Heavy hydrocarbons | nil, | minutes? | nl f minutes 
rogen i --| 80° 8 e -90 |} s e. 
Combustible matter -.| 9-60) | 25-50) * 





Danger from Fire.—The danger from fire due to the 
use of producer gas is v remote, though it would 
certainly be inadvisable to light or to rake out the fire 
in an ill-ventilated garage containing petrol vehicles. 
Fire could only occur from some outside cause such as 
a | of petrol in the garege in which the producer 
gas vehicle was standing. the engine is running, 
there is no chance of fire, but with the producer open, 
petrol vapour, if present, might be ignited. It would, 
therefore, be advisable not to house petrol and producer- 
gas vehicles in the same shed at night, unless very woll 
ventilated. In this respect, however, the producer-gas 
vehicle would be a much safer companion for a petrol 
vehicle than a steam lorry. 

In this connection, the Interdepartmental Committee 
on the = of gas as a source of power, in their 
recommendation No. 37, make the following statement :— 

“A vehicle deriving its power from a portable, self- 
contained, suction gas producer should not be housed 
under living rooms in human occupation, or while the 
fire is alight be stored overnight in the same building or 
enclosed structure as a petrol-driven vehicle.” 

Fuels.—In dealing with fuels, the author proposes to 

limit his remarks to such points as apply to those fuels 
when used on vehicles to furnish producer gas. The chief 
fuel is anthracite, and if this can be readily and cheaply 
obtained it is advisable to use it. Anthracite can be got 
in many sizes or grades. That which is required for the 
small producers used on vehicles is termed “ beans”’ 
and through a }-in. or {-in. mesh. It should 
invariably be sieved before use in order to eliminate 
any dust. If bought in truck lots from a colliery, it will 
be received washed and screened ready for use. Anthra- 
cite is not generally stocked by local coal merchants, 
and the author has several times had a mixture of 
bituminous coal of all sizes, from dust to that of a brick, 
delivered in lieu. A cubic foot of anthracite weighs from 
90 Ib. to 102 Ib. according to the specific gravity. A 
cubic foot, if broken up to the size of “ beans,”’ weighs 
approximately 58 lb. A cubic foot of petrol weighs 
approximately 48 lb. In a given space, therefore, 20 per 
cent. more weight of anthracite than of petrol can be 
carried. 
If the consumption of anthracite is taken as 20 per 
cent. more by weight than petrol, the space occupied by 
fuel for any given distance would be equal, but the 
weight of coal would be greater. 

Good anthracite should have a calorific value of 15,000 
British thermal units to 15,500 British thermal units per 
pound, and should consist of carbon 90 per cent. to 93 per 
cent.; hydrogen 4 per cent. to 4-5 per cent.; oxygen 
3 per cent. to 5-5 per cent., as against petrol, 85-2 per 
cent. carbon and 14-7 per cent. hydrogen, and a value 
of 18,500 British thermal units per pound. The best 
depth of fire bed in the author’s producer, for anthracite, 
is 6 in. Anthracite is clean to handle, safe to store 
gives off no dangerous vapours, and being very smooth 
in surface, works well down chutes or fuel pipes from the 
hopper to the producer. 

oke.—Gas coke, while quite suitable for vehicle work 
is more bulky than anthracite. It has already been 
subjected to one distillation, and, therefore, any volatile 
constituents left in it are hard to deal with. The com- 
position of the fuel also depends on the class of coal from 
which it is produced and the treatment to which it 
has been subjected. It is by no means such a clean 
fuel in use as anthracite. The sulphur content is over 
twice that of anthracite, and for vehicle work, where 
a dry scrubber alone is possible, this is a drawback. The 
ash percentage also is over double that of anthracite, 
5-8 as compared to 2-2, and the calorific value is 13,500 
rer mee thermal — The a, analysis gives 
carbon 88 per cent. ; 0-02 per cent.; oxy 
up to 3 ot cent. The teers it of a cubic foot of eciien 
coke is approximately 34 Ib. The occupied is 
therefore, in proportion to ant ite, ly 
in view of its lower calorific value. It is, however, a fuel 
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which is readily obtainable and is usually cheaper than 
anthracite; it can be bought broken and screened to 
the size required ; it is clean to handle and safe to store, 
but owing to its rough surface, it does not feed so well 
as anthracite. 

In working with coke, a larger quantity of water is 
required per pound of fuel than with anthracite, and this 
is readily obtained in the author’s system by altering 
the ewe # of the water pump and the setting of the 
steam throttle. It is possible to use coke without this 
alteration, but as it only takes 2 minutes to 3 minutes 
and gives much better results, it is worth doing. The 
best depth of fuel bed is 7 in. 

Charcoal.—Charcoal is a very suitable fuel for vehicle 
work, Apart from its light weight per cubic foot, which 
is approximately 17 Ib. to 18 lb., and the large space 
occupied compared to petrol to cover a similar distance, 
it has practically no drawbacks. The calorific value 
is approximately 14,000 British thermal units. It should 
be | areoy to the same size as anthracite. It is possible 
to get away very quickly by using charcoal, a start from 
cold having been made in 10 minutes. The ash is very 
light and liable to be drawn over into the scrubber 
30 that if this fuel is to be used exclusively, either a larger 
filter box must be fitted, or the scrubber must be cleaned 
out at shorter intervals. It has a very wide distribution 
and is often available in districts where coal and oil are 
unobtainable. With this fuel, a thinner fire bed is 
required, the best results having been obtained when 
the depth was maintained at 4in. With light fuels, such 
as charcoal, the range of the vehicle would be reduced 
considerably as com with petrol, owing to the large 
bulk occupied by the fuel, but no difficulty should be 
experienced in having fuel stations along the roads, 
and these would only have to be utilised for long journeys. 
A 3-ton vehicle should run on 3 Ib. of charcoal per mile 
so that 1 cub. ft. would run 6 miles. Six cub. ft. or 
8 cub. ft. could be readily carried on such a vehicle, so 
that a range of 40 miles to 50 miles could be covered 
on one fill-up. 

Peat.— Peat did not at first appear to be a very suitable 
fuel for vehicle work, and the first trials, which were 
made with ordi dried peat, which contained 64 per 
cent. of volatile constituents, were not satisfactory. 
This percentage was quite beyond the capabilities of 
the plant and effectually tarred up the engine after only 
ashort run. When, however, compressed and dried peat 
was used, the results given were extremely good and 
exceeded those given by either charcoal or coke. The 
peat is compressed into briquettes and afterwards dried 
to drive off the moisture and troublesome volatile matter. 
The result is a fuel which is eminently suitable for 
producer work, especially on motor vehicles, as it enables 
@ rapid start to be made and gives an extremely 
clean gas of high calorific value and needing little 
scrubbing. 

When Teshen into suitable pieces, the weight per cubic 
foot is approximately 47 lb. The dried peat breaks 
readily into suitable sizes and is not friable, so loss from 
dust is negligible. One peculiarity with this fuel is the 
shallow fuel bed required, a depth of 2 in. to 3 in. giving 
the best result , though eniibeteny running hai been 
obtained with a bed only 1} in. thick. 

The producer for this fuel could, therefore, be of very 
small dimensions, but the ordinary size of anthracite 
producer has so far been used. Peat has a wide distribu- 
tion, and its satisfactory adoption must be of enormous 
assistance in spreading the use of the internal-combustion 
motor vehicle, especially for agricultural work. The 
author was informed that the fuel could be supplied at 
approximately 16s. per ton. If this is so, it would be 
equivalent to petrol at little over 1d. per gallon. 

The peat fire will remain alight many hours ready for 
an almost immediate start, while starting from all cold 
can be accomplished in from 7 minutes to 10 minutes. 
The author is convinced that satisfactory use of this 
fuel is only possible by his system of a thin, constantly- 
agitated fire, constant feed, and control of the air and 
steam supply. 

Maize Cobs.—Maize cobs are the centres or stems of 
the maize after the grains have been removed. Through 
the kindness of a friend in the Argentine, the author 
received a small supply of this material, and tests show 
it to be a very suitable fuel. Owing to its shape, it is 
— broken into suitable sizes and is then very easy to 


Unfortunately, the quantity of material available did 
not allow of any figures being obtained, but it was 
sufficient to demonstrate that this material would be a 
very valuable fuel, especially in districts in which it is 
grown, where it is largely a waste material. Some use is 
made of it, the author understands, for steam raising, 
but it could be used to much better advantage in a gas 
producer. 

Straw.—It has been calculated that the straw destroyed 
or worked back into the und annually in Western 
Canada alone would, if in producer gas plants, give 
an equivalent of 470,000,000 oan of petrol. 

Other fuels will, no doubt, be found, which are quite 
suitable for vehicle propulsion, but enough has been said 
to show how much the fuel field has been widened by the 
use of a gas ape 2 adapted to motor vehicle work. All 
the above fuels cannot be cornered or juggled with 
financially, and as they can all be used without any 
trouble or drawback in producer gas plants the motor 
industry need not be entirely in the hands of the liquid 
fuel ring any longer. ma a 

In conclusion, the author desires to thank the Army 
Council and the Ministry of Munitions Inventions 
Department for the facilities granted for completing his 
experiments. He has dealt with the application of his 
plant to motor vehicle work, but it will readily be under- 
stood that this only represents a very small portion of 
the possible field of application. 


FAILURES OF TURBO-GENERATORS AND 
SUGGESTIONS FOR IMPROVEMENTS.* 
By J. SHEPHERD. 

(Concluded from page 46.) 

Ipgat MAcHINE. 


Consideration of the usual defects ign | mentioned 
shows that air ventilation gives rise to the following 
difficulties :-— 


Fig 8. STATOR WINDING, VARIOUS METHODS 
OF COOLING. 
(aj), (0) fir Cooled. (d),€),(f)Water Cooled: 
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(6) Working temperature and output independent of 
air conditions. 

(c) Capable of working at a much reduced temperature 
and to be practically fireproof. 

Machines constructed to embrace these features would 
undoubtedly be much superior to those at present 
manufactured, if the modifications do not introduce 
other difficulties either in construction or in operation. 

To obtain these advantages, all windings, including 
rotor end loops and stator end connections, would be 
contained in continuous metal winding slots, with 
adequate freedom for expansion. The windings would 
be securely supported over their entire length, and the 
heat genera in the copper would be directly con- 
veyed to the surrounding supporting metal, and dis- 
sipated by liquid cooling. 











Arrange- Size of Ducts Relative 
ment. Proposed by. taken on Illustration.| Cooling 
Capacity. 
Fig. 8 (a)| Ordinary arrange-| 2} in. by 1 in., one 1 
ment air duct 
Fig. 8 (6) | Siemens * 2 in. by ¢ in., two 0-8 
air ducts 
24 in. by 1 in., one 
air duct 18 
Fig. 8 (c) | Schuckert J 2 in. by 4 in., two 
air ducts 
Fig. 8 (d)| Parsons -" l-in. watertube .. 54 
Fig. 8 (e) | Siemens Dynamo 1-in. and j-in. water 838 
Works holes 
Fig. 8 (f) | Author 3}-in. by j-in. water 89 
slot 











Various, designs have been pro using liquid 
cooling. Whilst the majority of them are of foreign 
origin the initial adaption of water cooling to modern 
machines is to be credited to Messrs. C. A. Parsons 
and Co., Limited, 

All the liquid cooling designs on record appear to 
deal with the problem of heat dissipation as an adjunct 
to air cooling. If, for the moment, the principle of liquid 
cooling be accepted and be completely developed as 
a practical feature, there are a number of important 
modifications which at once become possible. Air 
ventilation, with the difficulties of cooling and cleaning, 
becomes unnecessary, and the fire risk of machines 
largely disappears if there be no air to feed the flames. 
By splitting up the water ar in the machine, and 
by providing adjusting cocks in the water supply to 
each cooling device, it becomes a simple matter to 
determine the temperature of each part of the machine 


Fig.9. ROTOR WITH SEPARATE COIL SUPPORTS, WATER-COOLED. 













































































Figi0 STATOR WITH WATER-COOLED COIL SUPPORTS. 


Fight 


DETAILS OF WATER-COOLED 
END-COIL SUPPORTS. 









































1. Impossibility of equal distribution of air with 
presence of hot spots ; 
4/2. Weak construction of stator, open type of end 
windings and serious fire risks ; 
33. Larger diameter of rotor with greater centrifugal 
forces ; inadequate cooling of end winding loops ; 
‘Y4. Higher temperatures than desirable, with reduced 
life of insulation. 

The ideal machine must be free from these defects, and 
should also embrace the following features :— 

(a) Coils to be continuously held against movement 
under mechanical forces, but free to expand with heat. 








* Paper read before the Institution of Electrical 
Engineers, January 8, 1920. 














and to adjust the water flow to give a uniform tempera- 
ture with elimination of hot = and having regard 
to the superior cooling effect of water over air, a lower 
temperature would be possible with enhanced life of the 
insulation. 

A further and great advantage would be in the pro- 
vision of continuous supports to the end connection 
of both stator and rotor windings, which at present 
are the weakest features of most generators. 

As a more detailed comparison of the two methods 
of cooling, various designs of cooling rotor windings 
ie, ee drawn out for a modern high-speed rotor 

aking the ordinary air velocities in rotor ducts as 
10,000 ft. per minute, and a moderate water velocity 
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of 500 ft. per minute (8-3 ft. per second), the relative 
cooling capacities of the streams of air and water are as 
shown in the table on page 95. 

The sizes of cooling ducts are taken as large as can be 
constructed with the winding slots shown, viz. 

Slots, 5 in. deep by 14 in. wide ; coil space, 4 in. deep 
by 1} in. wide ; tooth width at periphery, 3 in. ; 40 in. 
diameter rotor. 

The actual heat-abstracting powers of the two sets 
of conditions per F. rise in temperature of cooling 
medium for the velocities stated are :— 


Air: 1-266 therms per minute per square inch 
of air duct, 

Water: 216 therms per minute per square inch 
of water duct. 





The capacity of water over air cooling is very marked, | 
as might be expected, and ma: in excess of the | 
capacity of the insulation to conduct the heat, a matter | 
considered later. A rotor constructed with cooling | 
ducts as shown in Fig. 8 (f) is detailed in Fig. 9, where | 
water-cooled supports are shown for the end loops 
against sideslip. 


Water cooling for the stator does not ap to 
have been developed to any t extent; hollow 
water-cooled stator frames have m designed by Herr 


E. Huther, and I am informed that a few machines 
were constructed by the A.E.G. on these or similar lines, 
but not of recent years. 


Geisenhorner, of Schenectady, poe cooling 
devices of thin stamped metal for bui ~ae> | inito the 
stator core, but I have found no record of machines 


using these devices having been constructed. 


CoMBINATION OF WATER CooLING AND Com Supports. 


If full advantage is to be taken of water cooling, it 
would appear desirable for the cooling arrangements 
to be in close proximity to the coils, with very low 
resistance heat paths, and to serve the double p 
of coolers and coil supports. Designs eee. Keom 
developed by the author + ™ these lines, and are 
indicated in diagram form in Figs. 8 (f), 9, 10, 11, 12 (a) 
and (6), and 13. 

A short description of each may be of interest. 

In Fig. 8 (f) the heat from the rotor coils is directly 
transmitted to the iron tooth, which would be made 
slightly wider than usual to com te for the loss 
in section where the water duct is milled out of the 
solid tooth; the top of the duct is closed by a steel 
plug, fusion-welded in place, 

Fig. 9 shows a rotor with teeth cooled as described, 
and provided with separate bronze coil supports at 
each end of the core. The supports would -pouvits 
continuous slots for the end loops of the rotor coils. 
The metal teeth between the coils give substantial 
support at the rotor periphery for supporting and 
entering flexible steel tape bands. The steel ring over 
the en — is eeiere to give a mechanical anchor 
for the end of the steel binding tape. 

The water path is along shaft from beyond the 
exciter with helical flow under the cooling su for 
the end loops, along the hollow teeth to the other end 
of the rotor, helically under the second support for the 
end loops. The water discharge could be arranged 
either at the flanged coupling as in Fig. 13, or could 
be continued thro 
water sealing glan 
turbine. 

Fig. 10 is a section of the stator with two t of 
coil supports, one for the end windings and rad poy the 
ends of the core, and the other built into the core 
between batches of laminations. This latter support 
is constructed with the inner part laminated to ms me 
eddy currents, and yet of considerable strength to 
clamp the portions of. the stator bars it embraces and 

ives considerable stiffness to the core teeth. The 
ollow interior is divided by a diaphragm into flow 


and return water . 
The two Pp irs of cl coil om at the ends of the 
stator are shown in section with the two layers of end 


tions 


ped between them. , 
Fig. 11 shows an end elevation of the stator end 





illustrate respectively the under and upper layers of 
the end windings. The two upper 
the supports without windings, and with the clamping | 
projections in place, forming between pairs of them | 
the winding recesses for a group of end connections, 
one bar per slot winding. 

Fig. 12 (a) is a part section of such a winding recess, | 
with four end connections in place, and supported by | 
the projection on each side, 

Fig. 12 (0) is a similar section, but showing metal 
fins between each conductor, giving a low resistance | 
heat path to the liquid. 

As the metal of the coils supports must of necessity 
be in close proximity to the active conductors, pre- 
cautions are ,ecessary to reduce stray currents, whilst 
retaining a strong construction. 

Figs. 12 (a) and 12 (b) show the coils clamped directly | 
over a water cooling duct cast in the support and | 
enclosed by a metal plate fusion welded in place. 

late must have considerable mechanical strength and | 
igh electrical resistance. | 

Copper-nickel alloys are on the market, which are | 
as strong as high-quality bronze, and have over 20 | 
times the electrical resistance of copper. Their use | 
would reduce the stray currents to a comparatively | 
insignificant loss. 


| 
| 


The 


Water Coors. 
When arranging the water circulating system, due | 


regard must be paid to the risk of corrosion and to the | 
recommendations of the Corrosion Committee of the | 
Institute of Metals, viz. :— 

1, Only clear water to be used. 


| 


| receive an increment of from 13 deg. to 15 deg. F. 


h the turbine rotor shaft to the | 
at the low-pressure end of the | 


| 
| and most frail bar (no matter how thoroughly the bar 
(inner) coil support, the bottom quadrants of which | 


uadrants show | 


| forces. Adequate mechanical strengt 


2. Water to be free from gases in suspension or , to those used in hyrdaulic practice, and dealing with 


solution. the pressures of over 2 tons per square inch, or in 
3. Water must be neutral, or only very slightly | accordance with steam practice, with high- 
alkaline. | superheated steam of 300 lb. pressure per square inch 


and a temperature of 700 deg. F Fusion wel is now 
an accepted construction for the more arduous ag 
ments of high-pressure boilers and steam piping. ore- 
over, the fusion-welded water joints may be designed 
so that the weld is subjected to no other stresses than 
those caused by the internal water pressure. Conse- 
quently, combining skilful design, stout construction 
and reliable workmanship, one can ensure no move- 
ment of the coils, no leakage of the water devices, 
and no overheating of the coils. Under such con- 
ditions, failure of machines should be infrequent. 
Should, however, a short circuit in a machine occur, 
the walls of the cooling ducts may become fused, in 
which extreme case a jet of water would immediately 
flood the machine ; but even so, this flooding by water 
would only occur after a burn-out had happened, and 
in such circumstances a stream of water playing ae 
the fire would certainly be better than a fierce b 

of air. In all cases, prevention is better than the 
best remedy, and the improvements suggested are all 
of preventive character. 

t will be seen, therefore, that whilst water cooling 
| will remove many, if not all, of the risks inherent in the 
ordinary air-cooled machine, there is nothing in its 
| application that Bigeye any real difficulty or intro- 
| duces any method of construction which has not been 
established in other branches of engineering. 


To comply conveniently with these recommendations, | 
the cooling water is taken from the condensate of the | 
steam turbine, forced by the extraction pump through 
the cooling devices of the alternator and discharged | 
into the turbine hotwell. The whole of the heat losses 
in the alternator would then be utilised. With modern 
high vacua the temperature of the condensate is from 
70 deg, to 80 deg. F., which temperature would then 


The return flow of each water P eg is shown provided 
with a thermometer ket, and by reducing the flow 
in any particular cooler a close indication of the maxi- 
mum local temperature can be obtained. 

The objects aimed at in all the designs described is 


Figi2DETAILS OF WATER-COOLED WINDING SLOT 
ON END STATOR SUPPORT. 
WITH COPPER TAPES AS HEAT CONDUCTORS. 
& WITH METAL FINS AS HEAT CONDUCTORS. 
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GENERAL Comparison or Arr tanD Water CooLine. 


In modern turbo-generators of large capacity, over 
95 per cent. of.the heat is carried off by the ventilating 
air, Assuming for simplicity that all the losses are 
dissipated by either air or water circulated through 
the machines, the relative quantities of each can be 
calculated from the following data :— 


N 


0G 


“JUUUS8 


J = mechanical equivalent of heat, taken as 
778 ft.-lb. 

1 kw. = 3,412 therms per hour. 
= 56-82 therms per minute. 

Specific heat of air = 0-237. 

Specific heat of water = 1-0. 
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(64.c,) eight of 1 cub. ft. of air = 1/13 lb. at 60 
deg. F. and 30 in. barometer. 
Fig. DIAGRAM OF WATER COOLING. 
Air Vent to prevent 
Air Lock 

| 
| 
| 

D , Rotor 

oss.) Hot Well 





to interleave the conductors with liquid-cooled supports, 
thus providing continuous winding slots for the coils, 


Weight of 1 cub, ft. of water = 62-35 lb. at 
60 deg. F. 
coil loops and end connections, &c., in which the weakest 


Comparative cooling effect of 
1 cub. ft. of water _ _62-35 
1 cub, ft. of air 0-237 + 13 
Max. velocity of air in external air ducts, say, 
1,500 ft. per minute. 
Max. velocity of water in external water pipes, 
say, 200 ft. per minute. 


Allowing a temperature rise of 50 deg. F. for both air 


| be laminated) is continuously supported under the 
most severe short-circuit conditions. At the same 
time, freedom for expansion is provided, together 
with low-resistance heat paths to the cooling medium. 

As every portion of stator and rotor windings would 
be enclosed in cool metal winding slots of necessity, 
the cooling would be much improved and the fire risks 
ractically eliminated. The absence of ventilating ducts | 


= 3,420. 





| 


in the stator would be the immediate gain of solid | and water :— 
cores and firm support over the entire surface of the | Amount of air required per minute for 1 kw. loss 
| stator teeth. 56-82 x 18 
It might be thought that the difficulties of station | = —-____ = 62-34 cub. ft. 
i are sufficient without increasing them by the 0-237 x 50 


ye erm : 

adoption of water cooling of generators with the attendant 
risk of water leakage. If the present designs of large 
alternators were perfect it would of course be folly to 
suggest any change, but it must be admitted that 


To allow for air short-circuited or not properly dis- 
tributed, say, 100 cub. ft. per minute. 


Area of external air duct per 1 kw. loss 


improvements in design are desirable. | 100 , 
t remains to be shown that the modifications pro- | ret + ~ re 0-066 sq. ft. = 0-95 sq. in. 
posed, while removing certain difficulties, do not give | , : : 
| rise to others which are greater. J Amount of water required per minute for 
The problem in the plainest terms is the possibility of | kw. loss 
constructing stator cooling devices capable of withstand- | 56-82 Ib. 1 
ing a water temperature of about 120 deg. F. and a ca oar tha. 1+135 Ib. 


pressure of 50 Ib, or less per square inch, whilst at the same 
time the devices must have sufficient strength to with- 
stand the short-circuit stresses on the stator. 
rotor-cooling devices are subjected only to the internal | 
water pressure and stresses resulting from centrifugal 
can be given to 


To allow for unequal distribution of water, say, 
1-5 lb. or 0-15 gallon per minute. 


Area of external water supply pipe per 1 kw. loss 
— 0:15 x 0°16 x 144 





= 0-00173 sq. in. 
these cree by the use of suitable material, pro- 200 tris 
portioned in accordance with well-known methods now : : 
used in all branches of engineering industry. Area of external sir duct 0°95 _ — = 550. 





Area of external water duct  0-00173 
The losses in turbo-generators differ with various 


With respect to the prevention of water leakage, 
all joints can be constructed of a character similar 
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designs, but representative figures are given below, 
together with the relative amounts of air and water 
necessary for cooling on the liberal scale just worked 
out. 

On the assumption that the condensate be used for 
cooling the proportion necessary to limit the rise to 
50 deg. F. is given, also the increment of hotwell 
temperature. 


four faces of the coil may be considered to be effective 
heat conductors. 

With water-cooled stator end connections having 
several conductors in the same winding recess (Fig. 
12a) only one face is usually in contact with the cooling 
device, and the other three faces of insulation are not 
freely conducting. The thermal conductivity can be 
improved by wrapping copper foil around the coil 



































| Quantity of Cooling Media. Size of External Ducts. | 
| Pe ' 
Size of | Internal Air. Water. Air. Water. Alt ota Increase of 
Alternator,| Loss, | for Hotwell 
k.w. Per Cent. | or 560 deg. Rise, | Temperature 
Cub. ft. Cub. ft. Galls. Sq. ft. Diameter. | Diameter. | 
| per Min. per Min. per Min. | 
_ 
ft. in. in. deg. 
5,000 ..| 5-5 27,500 6-6 | 41-2 18 eS ae 41 15°5 
10,000 ..| 5-0 50,000 12-0 75-0 33 6 6 34 39 15-0 
20,000 ||| 4-5 90,000 21-6 135-0 59 8 9 4} 36 13-5 
50,000 4-0 200,000 | 48-2 300-0 138 13 0 6} 32 | 18-5 

















TaBLe oivinc Heat Densiry ry Warts PER Square InoH or ConpvucTING AREA FoR VARIOUS TEMPERA- 
TURE GRADIENTS, AND FOR Heart Patus 0:10 IN. AND 0-20 mn. Lona. 





Heat Density in Watts per Square Inch. 



































































































































Class of Heat Conductor including Ordinary Gradient, 1° F. Gradient, 50° F. Gradient, 100° F. 
Insulation Copper and Air Cells. RS 
0-10-In. 0-20-In. 0-10-In. 0-20-In 0-10-In. 0+20-In. 
Path. Path. Path. Path. Path. Path. 
Copper... ™ ab ae 45-0 22-5 2250 1125 4500 2250 
Mica plates without air spaces .. a onl 0 -0508 0 -0254 2-54 1-27 5-08 2°54 
Empire cloth and mica in alternate layers 0-0295 | 0-0147 1-47 0-735 2-95 1-47 
tightly wrapped | 
Empire cloth and mica in alternate layers 0-0206 | 0-0103 1-030 0-515 2-06 | 1-03 
with usual air spaces | | 
Micanite, with 11 per cent. shellac as binding | 0-0172 0-0086 0-86 0-43 1-72 0-86 
material | 
Still air (air cells) rm om - ° ‘| 0 -0028 | 0-0014 0-14 0-07 0-28 0-14 
Generators. Motors. 
| ; 
Dis- Cooling Air, Cooling Water. Cooling Air. | Cooling Water. 
Class of Ship. place- | Length. |Speed.| Shaft, 
ment. h.p. ae 
Cub. Air Galls. Cub. Air Galls. 
Ft, per| Duct | Diam.) per | Diam.,| Ft. per| Duct | Diam.| per | Diam., 
Min, | Area. Min. | Pipe. Min. | Area. | Min. | Pipe. 
| — ae ented 
tons. ft. knots.| approx. sq.ft.| ft. in. sq.ft.| ft. in. 
Tramp .. .-| 13,500 420 10 2,500| 12,000 6 2-8 18 1 11,000 5t 2-8 | 16-5 lb 
Intermediate -| 17,500 500 14 10,000 | 45,000} 224 5-4 67:5 40,000; 20 5-0 60 3 
First-class pas- | 20,000 550 19 21,000} 85,000} 42% 7-4 | 128 4 78,000} 39 7-0 117 4h 
senger 
First-class Atlan- | 33,000 760 25 68,000 |250,000 | 125 12°8 | 375 7 225,000; 1124) 12-0) 338 7 
tic liner 
Small cruiser -| 3,500 400 30 40,000 |165,000| 82 10-3 | 250 6 150,000} 75 9-9] 225 5 
Super “‘ Dread- | 25,000 600 25 27,500 | 115,000 57 8-7 | 170 5 100,000; 50 8-0 155 4 
nought ” df 
Battle cruiser ..| 33,000 860 35 |180,000 |600,000 | 300 | 19-6 | 900 1lt 550,000} 275 | 18-9} 825 ll 
Velocity in external air ducts taken at 2,000 ft. per min. Velocity in external water pipes taken at 200 ft. per min. 
The relative cooling capacities of the internal stator | giving a direct heat path from all four faces. The 


ducts of equal volume would be :-— 
Water ducts with water velocities of 500 ft. per min. _ 420 

Air ducts with air velocity of 4000 ft. per min. 

This increased potential capacity for cooling might 
be in excess of the capabilities of the remainder of the 
machine to transmit the heat to the cooling ducts 
through the insulation around the copper. 

The laws of thermal capacity are very similar to 
Ohm’s law and may be stated thus :— 

A (heat) current passing through a (thermal) resist- 
ance gives rise to a difference of pressure (temperature) 
across the resistance. In other words a hot insulated 
conductor passing heat through the insulation is always 
hotter insite the insulation than on the outer surface 
of the insulation being cooled, As the interior surface 
of the insulation must never exceed the safe tempera- 
ture of the insulation, no matter how cold be the out- 
side of the insulation, a limit to the maximum heat 
flow through the insulation is soon reached. 

The thickness of insulation usually lies between 0-1 in. 
and 0-2 in., and the transference of heat measured 
in watts per square inch for various kinds of insulation 
is given above for heat gradients of 50 deg. and 100 deg. F. 
For comparison the corresponding figures are also given 
for still air (without convection) and for copper. * 

For example, a stator coil with insulation 0-10 in. 
thick has an outside temperature of 100 deg. F., and is 
insulated with micanite built up with 11 per cent. shellac. 
If the inside temperature is not to ex 150 deg. F. the 
temperature gradient must be 50 deg. F. or less; to 
be within that figure, the heat density must not exceed 
0-86 watt per square inch of that portion of the insulation 
which is conducting away the heat. 

In the case of the rotor coil shown in Fig. 8 (f) all 








* H. D. Symons and M. Walker: Journal I.E.E., 1912, 
vol. xlviii, page 682. 





conductivity of copper to micanite (11 per cent. shellac) 
is 2,600 : 1. "i 

In the case of iron losses, each cooling element is in 
direct contact with groups of stampings, and the heat 
path is both small in length and considerable in area. 

The cooling effect of water is so considerable that 
without certain precautions, condensation difficulties 
may arise, If the temperature of the cooling devices 
falls below the dew-point atmospheric condensation 
upon them will take place. This can be avoided by 
using .cooling water with an inlet temperature higher 
than the dew-point, as by the method shown in Fig. 13. 

As the output of most machines is rated by ultimate 
temperature, there are substantial grounds for con- 
cluding that water cooling will allow an increase in 
output for the same total weight and volume of 25 per 
cent. to 33 per cent. Some readjustment of relative 
copper and iron losses may be necessary, and the result 
should be a substantial reduction of average tempera- 
tures and weight for the same output, Whether water 
cooling will displace air cooling, time alone can prove. 

There are, however, a number of cases where water 
cooling offers advantages over air cooling, quite apart 
from the improved and more robust construction of 
machines, i.e., for machines working under the following 
conditions :— 

1. In hot climates where cool air is difficult to obtain. 

2. In extremely dirty and sulphurous atmospheric 
conditions. 

3. At high altitudes with reduced air density. 

4. On board ship, where air cannot be freed from 
salt spray. 

As an example of turbo-generators working at high 
altitudes, the stations on the Rand may be cited. At 
an elevation of 6,000 ft. and a barometer of 24-5 in,* 
the air density would be 82 per cent. of normal, and a 





* J, H. Rider, Journal LE.E., 1915, vol. liii, page 629. 





standard turbo-generator frame of 10,000 k.v.a. would 
only be suitable for an output of penetra 8,500 
k.v.a, air-cooled. The same frame if adapted for water 
cooling would probably give an output of 12,500 k.v.a. 

Co: uent u.on the higher ambient tem ture of 
the South African climate, water cooling would have the 
further advantage of a much lower average temperature 
of windings. 

The last case deserves detailed consideration. 


Sure Prorutstion. 


The field for the electrical propulsion of ships is 
practically virgin and immense in size. 

In order to gauge the size of the power problem 
involved, the particulars of various representative 
classes of ships are given, taken from published figures. 
From them the relative quantities of cooling air and 
cooling water are calculated. The merators are 
assumed to have the losses already given for land service. 
The motors may be either high-speed machines geared 
down to the propeller shafts, or low-speed direct- 
coupled. In either case the same internal losses have 
been assumed, and these will be sufficiently accurate 
for the present rough examination. If the motors 
were low- . direct-coupled to the propeller shafts, 
they would be of open-type construction ; of necessity 
they would be housed in small watertight compartments, 
oa so far as ventilation is co: » may be con- 
sidered to be enclosed machines requiring auxiliary 
cooling, except for the smaller powers. 

The electric power would either two-phase or 
three-phase, with a pressure of approximately 1,000 
volts for small ships, increasing to about 14,000 volts 
for the larger powers, otherwise the size of the con- 
ductors and operating switch gear would be too heavy 
and costly. 

The one great difficulty with even low-pressure 
electrical plant for ship work is the presence of salt 
water. Electrical apparatus quite suitable for land 
service usually requires modification to suit sea con- 
ditions and, up to the present, high-tension apparatus 
of any considerable power has not been wu to any 
extent under severe sea conditions. 

The difficulties peculiar to sea service are due to 
the extreme weather conditions encountered. In the 
course of a voyage a ship may meet air temperatures 
varying from 0 deg. to 100 deg. F’., and must of necessity 
develop full power continuously under extreme Red 
Sea summer conditions, with day temperatures of 
105 deg. to 115 deg. F. falling at night to 95 deg. F. 

Again during wen 4 gales waves may sweep the ship 
from end to end, with spray continually blown over the 
tops of the funnels. Such rough conditions may con- 
tinue during an entire Atlantic voyage, and the salt 
water finds its way into practically every part of the 


ship. 

tt is difficult to see how the cooling air can then be 
collected in large volumes free from salt spray. Air 
washing might get rid of the ee portion of salt, 
but its operation in frosty weather would be difficult, 
and plant difficult to operate is not required at sea. 

Apart from operating troubles, the question of room 
must be considered, 

The sizes of air ducts are calculated for a high velocity 
of 2,000 ft. per minute, They are of considerable 
dimensions, and it is doubtful if any shipowner would 
sacrifice valuable carrying space to accommodate them. 
The situation of the generators and motors would be 
aft of midships, and short vertical air ducts to them 
would cut through state-rooms and saloons of liners, 
the most valuable portions of the ship. 

In fighting ships the problem is more difficult, as 
the powers to be developed are higher and the space is 
enormously costly, At present the floor space allowed 
for steam propulsion, including boilers, engines, auxiliaries 
and working gangways is generally at the rate of 10 h.p. 
per square foot—a figure quite unapproached in land 
service, 

Owing to the low free-board, all cooling air would 
require to be collected at some height above the deck 
to ensure that the air was even moderately free from 
spray in heavy weather, Such elevated air trunks 
might seriously interfere with the training and firing of 
the guns from the aft turrets, and there would be the 
further complication of piercing watertight bulkheads 
and cutting various protective decks, The objections, 
in fact, might be so serious as to outweigh any advan- 
tages of electric propulsion. 

With water cooling, the difficulties of collecting and 
conveying the cooling medium disappear, and its use 
presents neither the difficulties of large ducts nor the 
trouble of filtration. 

Proposals have been made to re-circulate the air 
through a closed pipe system with air coolers; the 
sizes of air ducts are so considerable that room for them 
could not be found with the present allowance of engine- 
room 8 - There is now usually considerab! ; difficulty 
in finding room for the comparatively smal steam pipes 
and valves, 

Whether the machine be air. cooled or not, a certain 
amount of salt is likely to reach the windings, and, with 
pressures of 1,000 volts and over, watertight windings 
would be a great advantage. The micanite wrap on 
the stator bars may be considered to be waterproof 
without further treatment, but a waterproof seal over 
the end insulated joints is desirable. A substantial 
seal of vuleanised rubber could be “cured” in place 
over the insulated joints using the cooling devices as 
heaters, for short periods by passing low-pressure steam 
through those embracing the ends of the stator bars. 

This waterproof treatment of the stator joints would 
be of advantage if surface condensation took place. 
The ideal alternator for marine purposes should be 
capable of being cleaned down with a hose pine. 

© difficulties of sea conditions have in no way been 
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exaggerated, and most of them can be overcome by 
adapting designs to suit sea conditions, If electrical 
propulsion is to progress, the problem must be attacked 
in a thoroughly practical way, as electrical methods 
will be in opposition to lished interests and in 
competition with thoroughly sound and well-tried steam 
plant evolved after years of practical sea experience. 

The present design of high marine turbine 
drive is through double-reduction helical gears of fine 
pitch, with end-thrusts balanced by mounting pairs 
of helical gears with opposite angular leads. ith 
the most perfect machining and fitting possible, the 
driving faces can only have lines of contact, and with 
the finest chrome steel gears and lubricated faces heavy 
drives with only lines of contacts cannot be considered 
to be a final solution. Up to the present, marine tur- 
bines are not supplied with superheated steam, which 
is,in striking contrast to land practice. , 

1" Conotusion. q 

The first portion of the paper briefly reviews the chief 
causes of failure of turbo-generators as now constructed, 
and the statements will no doubt be endorsed by most 
engineers who have had c! of large plant. 

igns have now the initial difficulties of 
electrical and magnetic characteristics, and the secondary 
difficulties of mechanical strength, durability, heating 
and fire risk remain. 
Whether we like the idea of liquid cooling or not, 
the — has to be faced in the immediate future, 
and the full consideration of its uses gives an opportunity 
of considering alternator design from a new point of 
view. The designs described offers the following advan- 
tages over air-cooled machines. 
Rotor. 

1. Smaller di ter with reduced centrifugal stresses. 

2. Mechanical support to end winding loops and 
steel tape bands. 

3. Efficient heat paths, low working temperature, 
less fire risk, and longer life. 

Stator. 

4. Solidly supported core and teeth with reduction 
of vibration. 

5. Continuous mechanical support to windings. 

6. Efficient heat paths, low working temperature, less 
fire risk and longer fife. 

7. Adjust t of t of Li 
with elimination of hot spots. 

The physical life of any plant, apart from breakdowns, 
is determined by the wear of partinn # prey fatigue of 
such other parts as may be subj to fluctuatin 
stresses or, in the case of insulation, by pedleniged 
heating combined with mechanical stresses. 

Having regard to the necessarily few moving and 
wearing of a turbo-generator, viz., journals, bear- 
ings, and slip-rings, there a to be no sound reason 
why it should not have so long a physical life as the low- 
speed plant it has superseded, provided it be ble 
to construct machines which do not overheat, the coils 
of which are efficiently and continuously supported 
against all stresses and vibration, and t the fire 
risk be removed. 

If the arguments put forward in the paper are sound, 
machines can be constructed embracin ices features, 
and with machines so constructed a much longer physical 
life may be anticipated. . With dear money and expensive 
plant, longer physical life will be an economical necessity 
of the immediate future. 

The latter part of the paper indicates certain 
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roof bricks, &c., while finer grinds are used in making 
dense slag-resisting and abrasion-resisting products. 
Fusion, enaantntian. abrasion, i and re- 
heating tests are all of value in judging how far certain 
grinds and mixtures will meet the requirements of usage. 

Tempering also exerts a very important influence in 
determining the final characteristics of a firebrick. 
The term tempering covers the addition of large, or small 
amounts of water, working for different periods of time, 
and the application of slight or heavy pressure during 
working. ‘Lhe effect of different amounts of water on 
structure of firebricks is illustrated by the following 
results, obtained from many briquettes :— 
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It is thought that these test results are typical, and 
that the following rules apply when sufficient pressure is 
used in shaping firebricks :— 

1. Increasing the water content increases the strength 
of a firebrick until a limit is reached, after which further 
addition of water lowers the strength. 

2. Increasing the water content decreases porosity 
of a firebrick until a limit is reached, after which further 
addition of water increases porosity. 

3. An excess of water does not affect the density of a 
firebrick as much as an insufficient amount. 

The time of pugging also plays an important part in 
controlling the properties of Reocley bricks. A batch of 
bricks, made from rapidly -pugged clay, had an average 
end-crushing strength of 31,667 lb. Another batch 
made from the same clays, pusged longer, had an end- 
crushing strength of 42,767 lb. Another batch (different 
clay) showed strengths of 36,366 Ib. and 46,000 Ib., 
respectively, for short and long pugging. The soft-mud 
process involves long-time tempering with a large amount 
of water; the dry-press involves a shorter period of 
working and less water ; and the stiff-mud process might 
be considered as intermediate between these two. Each 
method has its advantages, and produces excellent 
bricks for certain uses, but one cannot state that any 
particular process is the best for all clays. Sometimes 
an easy-fired product gives the best results, but such 
cases are not common. During the firing a pinkish cast 
is sometimes developed if damp bricks are subjected to the 
combined action of sulphur and water. This discoloration 
may, therefore, indicate either an excess of impurities or 
the full development of the colouring effect of the usual 
amount. 

Some clays contract rapidly at low temperatures, and 
after reaching a certain limit, remain constant in volume. 
Others continue to contract over a very wide of 
temperature. A third class contracts, but very little 
at any temperature, being hence termed open-burning. 
Studies of such clays—as regards porosity after firing 
at different temperatures—give very information ; 





yo ae of electrical power where present methods 
of construction should be modified to overcome success- 
fully special conditions of working, and where it would 
appear that air cooling must give place to a more suitable 
cooling medium. Power engineering has become very 
largely the province of electrical engineers. If electrical 
lant can be made more mechanical and reliable there 
is every _——— of that vince rapidly extending 
to every branch, but the fight with established practice 
will be strenuous. The author anticipates that the 
ay en to substitute water cooling for air cooling will 
subjected to adverse criticism. All new ideas must 
of necessity be so treated; at the same time without 
novelty there can be no progress. 
(The paper was followed by an Appendix giving a 
list of patents illustrating the development of turbo- 
generators.) 





REFRACTORIES. 

Tue fifty-eighth meeting of the American Chemical 
Society included a symposium on refractories, consisting 
of five im t papers by well-known transatlantic 
experts. e give abstracts of each of the papers. 


“The Work o the Technical Division of the Refractories 
Manufacturers’ Association.” 

This paper, by Mr. R. M. Howe, relates to work done 
at the Mellon Institute of Industrial of the 
University of Pittsburgh, on fireclay refractories. In 
the course of testing drill cores it is often found that 
good clay is being rejected or left in the mine because 
. a byes hn sore, popes, or structure. Less 
often, undesirable clay is used. lending, grinding and 
tempering of clays are sometimes pace an Wp hy 
sometimes simultaneously. In most cases mixtures or 
blends are employed because these have more desirable 

roperties than are generally found in any one clay, 

ough many clays are used alone for firebricks. For a 
strong refractory product of low nr ge crushed 
firebrick bats and plastic clays are blended. Silica is 
sometimes added to o the structure and so increase 
the resistence to spalling ; bauxite raises the softening- 
point. After these materials have been mixed, they are 
ground together, and in this process many of the final 
properties of the firebrick are imparted. The coarser 
grinds are generally used in producing open prrous 


they indicate to the manufacturer what treatment is 
necessary to remove shrinkage and give a well-fired 
product, and they show the consumer how the difierent 
clays will behave in service (remaining open or becoming 
dense at working temperatures). Such results will 
throw some light on the problem of lling, which is 
apparently due to the vitrification of the bond clay 
during service, and the subsequent lower resistance to 
heat changes. The naturally occurring materials are 
limited in application, and can hardly subjected to 
chemical treatment, but it is the purpose of modern 
manufacture to use them in the most efficient manner. 
** The Selection of Refractories for Industrial Furnaces.”’ 
The author, Mr. W. F. Rochow (of the Harbison- 
Walker Refractories Company, Pittsburgh) stated that 
economy in the use of refractories is largely governed by 
the selection of the class of material best suited for the 
ee intended, the quality of the bricks, and the 
esign of the furnace. Good brick-laying, care in storing 
and handling bricks, and proper 
control of the furnace, cannot Se overrated. Careful 
study of the properties of commercial refractories. and 
of the actual working conditions, together with practical 
trials, will determine the proper material to use. 
some cases economies have resulted from the use of 
refractories whose chemical composition and physical 
properties would indicate that they were entirely 
unsuited 


manipulation and 


Silica bricks have been used for many years in kiln 
linings for firing such basic materials as lime, dolomite 
and magnesite, the temperature not being high enough 
for chemical reaction. Care must be taken with kilns 
of this kind to avoid spalling, caused by rapid temperature 
chenges, and to keep the temperature within the proper 
limits. It is sometimes economical to use a refractory 
of chemical character opposite to that of the products 
of the furnace, notwithstanding, chemical action occurring 
between them, as in the practically exclusive use of silica 
in the roofs of glass tanks and pot furnaces, although 
subject to alkaline vapours from the glass batch. Other 
refractories more resistant to chemical action, have not 
the same combination of other desirable properties as 
silica. The properties of silica bricks to be considered 
in their use are their high thermal conductivity, 
mechanical strength and resistance to abrasion at furnace 





temperatures, thermal expansion, ling tendency, and 
high softening and fusing-point. the good conductivity 


of silica (along with other properties) render it the best- 
suited material for the construction of the major portions 
of by-product coke ovens and other furnaces in which 
heat must be transferred through the refractory. 
Advantage is also taken of its conductivity in enamelling 
furnace muffles, where it is used not only for the muffle 
but also for the combustion chambers. In this type 
of furnace any danger from spalling is avoided by the 
proper control of the temperature an basting and cooling, 
when starting-up or shutting-down. Most of the ex- 
pansion of silica occurs over a narrow range, and at 
comparatively low temperatures. By heating and 
cooling slowly over this critical range up to about 
500 deg. C. any difficulty due to spalling is eliminated. 

Notwithstanding the high thermal conductivity, the 
good mechanical strength of silica bricks at high tempera- 
tures makes it possible to insulate them under very 
difficult conditions. Unlike fireclay and magnesia 
refractories, there is only a narrow temperature range 
between the softening and fusion points of silica, and 
hence no deformation occurs up to the melting-point. 
Silica bricks used in arches and subjected to high tem- 

tures are being insulated with such material as 
ieselguhr with appreciable saving. Under similar 
conditions the best fireclay bricks would soften gradually 
and eventually collapse. Where clay bricks are 
necessarily ae it is frequently impracticable to insulate 
them. Often it is possible to effect an economy by 
cooling rather than by insulating, and under some 
conditions it is necessary to provide for radiation or 
conduction of heat from the sna. 

Most fireclay bricks settle somewhat under a pressure 
of 25 lb. per square inch at 1,350 deg. C., while good 
silica bricks remain rigid under the same load, at 1,500 
deg. C. This test is of considerable value in selecting 
refractories, although in most industrial applications 
the conditions are rarely as severe as those employed in 
the load test, in that only a small fraction of the brick 
is exposed to the intense heat of the furnace, while the 
remainder of the brick actually supporting any load is 
comparatively cold. Some bricks having a high ultimate 
fusion "4 reed often show greater contraction than others, 
of much lower refractoriness, but of higher silica content. 
The silicious clays expand up to certain temperatures in 
accordance with the relative proportions of their free 
silica content. 

In addition to chemical analysis, and the load test, 
fusion test and spalling test, used for determining the 
quality of silica bricks, the specific gravity may be used 
as a criterion of the extent to which the permanent 
expansion should be carried in the first firing ; a specific 
gravity of 2-38 has been suggested by D. W. Ross as the 
upper limit for well-fired bricks. This is accurate for 
most American silica bricks (made from Pennsylvanian 
Medina quartzite), but for others a slightly higher specific 
gravity is sometimes found in properly-fired bricks. 
Unfired silica bricks consist only of a fine-grained 

uartzite of high purity and 2 per cent. of lime. Upon 

ing, the quartzite undergoes partial inversions to other 
crystalline forms (cr stobalite and tridymite). These 
changes are accompanied by permanent volume increases, 
| and it is desirable that this permanent expansion be 
attained to the maximum degree, so that no excessive, 
after-expansion may take place in the furnace. The 
specific gravities of the crystalline forms of silica are : 
Quartz, 2-65; tridymite, 2-270; cristobalite, 2-333 ; 
with quartz glass, 2-21. 

Some quartzites invert to cristobalite and tridymite 
more slowly than others, giving slightly higher specific 
gravity to the bricks. Such bricks are practically 
identical with those of lower specific gravity, and when 
properly made do not show an ea, greater 
expansion, and may be properly fired when inversion 
has changed the specific gravity to 2-42 or slightly lower. 

Valuable results may often be obtained by studying 
bricks after long use. Thus in silica bricks from the roofs 
of open-hearth furnaces, E. Rengade found four distinct 
zones. 

The presence of iron in any proportion lowers the 
fusion point of magnesia or magnesite refractories, but in 
quantities of from 4-5 per cent. to 8 per cent. of ferric 
oxide it widens the range of vitrification and develops 
good bonding properties at furnace temperatures. By 
addition of a percentage of iron oxide to American 
magnesite, the properties are made very similar to those 
of Austrian magnesite. 

Magnesia bricks give excellent service, and are almost 
indi ble in many metallurgical operations, but 
unless used with due regard to their properties, unsatis- 
factory results may be Obtained. ‘As high tompeaneenee, 
magnesia bricks are not mechanically strong nor resistant 
to abrasion ; they expand considerably, with maximum 
expansion at about 1,350 deg. C. On account of this 
high thermal expansion the bricks have a tendency to 
spall when heated or cooled too rapidly. 

In several applications economy has been effected by 
the use of metal-encased magnesia bricks in place of the 
regular magnesia and silica bricks in parts of the furnaces. 
In the manufacture of this product, rectangular or 
circular soft steel casings of definite gauge, o at both 
ends, are rammed full with a high grade of dead-burned 
magnesite. When properly dried the bricks are ready 
for use without bemg fired. These bricks are always 
laid as headers, with either open end next to the heat. 
No cement is used in laying the rectangular bricks, 
but the between those of circular cross-section 
are filled with moistened furnace magnesite.* At the 
temperature of the furnace in which they are used, 
the steel container melts back for a distance of 1 in. or 
2 in. from the exposed surface, and impregnates the dead - 
burned magnesite which it encloses. The surface thus 
becomes practically jointless. Because of this mono- 
lithic ‘ace, and the somewhat more open textures of 
| this construction, the ling tendency is considerably 
' Jess than that of magnesia or s.lica bricks. The stiffening 
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effect of that part of the metal case which does not fuse 
also helps to reduce spalling toa minimum. This brick 
is used in the back walls, bulkheads, and gas ports of 
basic open-hearth furnaces, and in the side walls of 
electric steel-melting furnaces ; it has been successfully 
used in a 6-ton Heroult electric furnace. 

Careful attention should be paid to the design of the 
shape used for refractories. Difficult and intricate shapes 
should be avoided as much as possible. They cannot be 
re-pressed, are more liable to defects in workmanship, 
and cost more. With few exceptions they cannot be 
used to advantage over the standard sizes and shapes. 
the latter being also ordinarily available promptly when 
needed. 

(To be continued.) 





RAILWAY WHEELS AND AXLES. 
By T. H. Sanpers, M.I.Mech.E.* 


Rartway wheels and axles of the present day show 
numerous divergencies in essential characteristics, apart 
from differences of design, and it will be the aim of the 
author, in this paper, to describe as fully as possible the 
types of wheels and axles which are current in modern 
practice. 

Fifty years ago saw what was virtually the com- 
mencement of the Steel Age. Ten-ton forgings, worked 
down from one steel ingot, have supplanted 10-ton 
forgings worked up from innumerable pieces of small 
iron scrap, and this, greatest of all features of bulk steel 
production, revolutionised the wheel and axle, by 
standardising in their manufacture the weldless steel 
tyre, and the forged steel axle, which replaced the welded 
and weldless types of iron tyre, and the forged iron axle, 
Certain quantities of weldless steel tyres, and also steel 
axles, were produced prior to the modern steel age, but 
such were manufactured from crucible steel, and their 
cost was prohibitive except for locomotive work. 

Tyres.—Before dealing with the wheel and axle as 
such, it will be advantageous briefly to glance over the 
history of the weldless tyre, which has been such an 
important feature in the safety working of the world’s 
railways. The earliest tyres were made from welded 
iron, as a general rule. In America, with a relatively 
small puddled iron industry, this practice was by no 
means as usualasin Europe. Car wheels were made from 
chilled cast-iron in the earliest days, the tyre being solid 
with the wheel centre, and it was not uncommon to 
make locomotive driving tyres of the same material, and 
fit them on to a cast-iron centre. Attempts were 
made to produce a weldless tyre, as fractures of welded 
tyres became more frequent with the increasing weight 
and speed of trains, and the first circumferentially- 
weldless tyres were made from iron bars, worked spirally 
into a ring, heated to a welding heat, and rolled to shape. 
These were satisfactory as far as they went, but the 
wear was as heavy as on the welded tyres—they were 
only safer. Crucible cast steel tyres were tried, cast as 
rings, and then rolled to finished shape. These were 

artially satisfactory, but owing to the final section being 

ut little Saisssent toonn the cast section, fractures, both 
in shrinking on the wheel centre, and in service, were 
frequent. The next stage was to forge a crucible steel 
block, slot out the middle, and then expand the same 
to a rough circular shape, which was finally rolled to 
section. This was the last important before the 
introduction of the present stan method. 

Two modes of manufacture, differing only in the first 
stages, are in use. In one, “‘cheese’’ or “ beehive” 
ingots are cast, such ingots being approximately the 
weight of the finished tyre. These small ingots are 
re-heated, flattened, and the middles punched out. 
They are then “ becked” under a heavy steam hammer, 
which ‘‘ becking’’ knocks up roughly the flange, and 
reduces the sectional area. The rough ring is then further 
heated, and placed on a rolling mill, which finishes to the 
profile and diameter desired. This was a popular 
process for use with the Bessemer converter, but with the 
modern introduction of high-capacity steel furnaces, 
the casting of such small ingots is falling into desuetude, 
owing to the time taken to pour the cast. This will be 
best appreciated by a comparison between the two 
processes, the converter varying from 5 tons to 10 tons 
capacity, and the present-day open-hearth furnaces 
from 30 tons to 80 tons capacity. From such large 
furnaces, 2 tons or 3-ton ingots are made, which are 
forged into rough rounds, and slabs are then cold-parted 
therefrom of the rough tyre weight. The continuing 
processes are as before sketched. The ‘ becking”’ 
process is gradually being discarded in favour of heavy 
rough rolling mills, to give substantially higher produc- 
tion. 

Azles.—The manufacture of the axle, as such, has 
not seriously altered over the years. It is still a forging, 
as it was eight years ago, but is now of steel instead of 
iron. Forging processes have been improved, and tools 
made so that it is now possible to finish the complete 
end of an ordinary axle at one heat. The material is 
first rolled down into a bloom section, cut to approximate 
weights, and then forged under a steam hammer. Loco- 
motive crank axles present more interesting features 
as regards forging, but they are too speciali @ branch 
to be treated at jongth in this paper. Many locomotive 
crank axles are now built up of plain pieces, forced 
together under the hydraulic press. Straight axles, 
with hollow middles—following marine shaft practice— 
were, for a time, produced by an American plant, but 
there has ceased to be any demand for this pattern, 
as there are not sufficient useful features present to 
balance up the additional cost. 


Heat Treatment.—In present-day practice, tyres and 
axles are always heat-treated to remove the forging and 
rolling stresses. Thig was frequently done by putting 
50 or 100 tyres, or axles, in a furnace, firing them u 
to 800 deg. C., or thereabouts, and letting them cool off. 
Another practice, with tyres, was to take them straight 
from the finishing rolling, and bury them in ashes to cool. 
Modern treatment in this direction leans to the separate 
and controlled heating of every tyre and axle—and many 
of the latter are oil-toughened from the treatment 
temperature. 

Tests.—Before acceptance by the railway authorities, 
anne and axles are subjected to stringent testing, on 
the basis of so many per cast, or sometimes 2 per cent. 
of the total quantity. The same general tests are 
adopted throughout Europe and America, the variation 
being in ultimate requirements. The chief testing 
variation is in the drop test : European practice insisting 
on a solid foundation to take the reaction of the blow 
of the tup on the tyre or axle, whereas American practice 
permits a spring foundation. 

The British Standard Specification is now being 
increasingly adopted in this country, and other countries 
are following our practice. The tests uired by this 
specification will be familiar to most. Suffice to say, 
that for straight locomotive and carriage and wagon 
axles, the selected axles must stand five blows from a ton 
tup, falling from bn a4 heights, with the axle on 
varying centres, according to its size, without fracture 
occurring. Tensile test required is 35 tons to 40 tons, 
with 25 per cent. to 20 an cent. elongation in the standard 
test-piece. Crank axles have no drop test—its place is 
taken by a bend test-piece—and the tensile required is 
very similar. Tyres must stand being deflected a certain 
definite distance under the ton tup, deflection according 
to the internal diameter and thickness of the tyre. 
Three qualities are included, tensile requirements 
being :— 

“B” Class: 42 tons to 48 tons, with 18 per cent. to 
15 per cent. stretch. 

*C” Class : 50 tons to 55 tons, with 13 per cent. to 
11 per cent. stretch. 

“D” Class: 56 tons to 62 tons, with 10 per cent. to 
8 per cent. stretch. 


, 
A sign of the times is the recent elimination of the ‘A’ 
quality, which was 35 tons to 40 tons. 

Drop-testing machines for both tyres and axles have 
the same leading features, and while some manufacturers 
find separate machines desirable, others use the same 
drop for both ao. 

For efficient sub-division, the following groups will be 
taken :— 

(a) Locomotive wheels and axles—coupled. 

(6) Locomotive wheels and axles—tender, carrying, 
and bogie. 

(c) Coaching stock wheels and axles. 

(d) Freight stock wheels and axles. 

(a) Locomotive Coupled Wheels and Azles.—The world- 
practice is to make these with cast steel wheel centres, 
and high quality steel tyres and axles. Older practice— 
before the days of cedl cathnge—sed to build them up 
from separate parts, spokes, rim and boss, and in a large 
wheel on would possibly be from 50 to 100 distinct 
pieces, all of which had to be efficiently welded. Balance 
weights were sometimes made solid, and sometimes 
bolted on to the spokes. The latter practice was 
objectionable, as accidents have occurred through the 
weight flying off. Now, of course, they are always cast 
complete with the wheel. European engineers favour 
a solid balance weight, whilst American practice fre- 
quently has only the framing of the weight cast with the 
spokes, the interior recess being afterwards filled with 
lead. This is particularly the case with small-wheeled 
freight engines, with heavy reciprocating parts, necessi- 
tating correspondingly heavy balances—volume for 
volume, lead being 50 per cent. heavier than steel. 
Another divergency of practice in the wheel centre 
occurs in the rim, American wheels generally having 
three gaps left in the same as cast to facilitate contraction 
without ‘“‘drawing’’ at any point, whereas Euro 
centres are cast with the rim complete. Cast-iron centres 
have been largely used, particularly for goods engines, 





the spokes being of H, T or X sections, and have proved 
entichoate in service. 

(b) Tender, Carrying and Bogie Wheels have generally 
cast-steel spoke or disc centres, and steel tyres. Wooden | 
wheels have been employed here for this purpose to a 
small extent, but there would not appear to be much 

int in this. American practice is more diverse than 
 somtcndl for non-coupled engine wheels, and includes | 
cast-steel centres with steel tyres, chilled iron solid | 
wheels, and rolled steel solid wheels. 

(c) Coaching-Stock Wheels in Europe are now of four 
distinct varieties—the wooden wheel (peculiar to this 
country), the rolled or cast-steel disc centre, the cast- 
steel spoked centre, and the — spoke centre—all 
having steel tyres. There is no doubt as to the superiority 
of the wooden wheel for coaching stock, as it is far softer 
in running than any metallic wheel. Such wheels were 
introdu here as far back as the ‘sixties, and up to 
comparatively recently held the monopoly of all main- 
line work. odern train weights, speeds and braking 
appliances, however, are rather severe on a wooden 
centre, and it is now falling out of favour—being replaced 
by the rolled steel disc. Continental main-I'ne stock 
generally employs the forged spoke centre or the disc, 
either rolled or cast. ‘The disc centre was first made in 
Germany, the earliest wheel having been formed by 
winding forged iron bar on itself until the correct 
di ter was obtained, and then stamping the same to 
shape at a welding heat. This evolved into the balling- 








* Paper read before the Sheffield Seetion of the Junior 
Institution of Engineers, on November 28, 1919. 








up of selected iron scrap, and stamping the ball into the 
be er shape, but the development of steel manufacture 
finally ousted the iron wheel completely. ! 


American Passenger Car Wheels used to be solid, é.¢., 
tyre and wheel in one iron conting, cote on the tyre 
tread, and inside of ghe flange. ith increasing train 
weights and , and the introduction of air 

e, these wheels became too dangerous for r 
service, and modern American design favours the solid 
rolled-steel wheel—the tyre rolled with the centre. They 
also employed steel-tyred rolled discs. 

(@) Wagon Stock in this country runs almost entirely 
upon what is known as the “cold-spoke’’ wheel. This 
is a development from the spoked centre with a cast-iron 
boss, now entirely obsolete. Certain railways here, 
however, favour a cast-steel spoked centre. Continental 
stock runs on rolled disc, cast disc,. cast-steel spoke, 
and “‘ hot-spoke’’ forged wheels, similar to those used 
for carriage stock. 

U.S.A. Freight Stock is nearly universally carried upon 
the chilled cast-iron solid wheel. It is claimed that 
there are over 25,000,000 in use. The whole thing has 
been standardised to the last point; special foundries 
make them in all corners of the States and Canada, and 
arrangements are made to take back all worn wheels at 
a@ fixed price at any foundry in the combine, and they 
are all in. Wheels can be bought in New York State, 
and sold back, in partial exchange for new wheels, in 
California. With the business handled in this way, 
it is not surprising that the chilled wheel has taken the 
hold it has, particularly when it is remembered that there 
is no Government inquiry into wrecks or the causes 
thereof. The first cost of the chilled iron wheel is about 
one-third that of the equivalent forged or cast centre 
plus steel-tyred wheel. Such chilled wheels are made 
to carry up to 25 tons axle. A more unbreakable 
wheel, of solid cast steel, with a high manganese tread, 
is now made in large numbers of the heaviest freight cars 
and locomotive tenders. 

Having thus reviewed world practice, a brief descrip- 


tion will be given of each type touched upon. In this 
connection, it will be noted that only Euro and 
American design is referred to, for the reason that these 


represent two widely different schools of railway method. 
By American practice is meant that of the United States 
of America, Canada and Mexico ; and by European, that 
of Great Britain, France, Belgium and Germany. The 
outer grou following American practice is not ve 
large, chiefly being confined to certain Central and Sou 
American States. Practically all other countries follow 
European practice, 

Cast-Steel Wheels.—There is little to be said in connec- 
tion with the manufacture of these—they are straight 
steel castings of about 30-ton tensile steel, and of — 
design that may be fancied—spoke, disc or solid-tyred. 
When the latter, the wheels should be turned or ground 
on tread, with a view to discovering any unsoundness, 
Tensile tests are generally taken to represent the centres, 
and it is sometimes ified that every wheel shall be 
drop from 5 ft. high, or thereabouts. Cast-stee) 
wheels suffer from the usual feature of cast steel, namely, 
blowholes and sponginess, but a good electric welding 
plant will counterbalance such defects. 

A cast-steel solid wheel deserving special mention 
is made in the United States of America. It has a high 
manganese tread, and a soft steel centre, and is manu- 
factured by pouring into a revolving mould first the high 
mi ese steel to a certain definite weight, and then 
the soft steel, which forms the middle of the wheel. 
centrifugal force on the first metal, generated by the 
revolving mould, throws outwards the high manganese 
steel to form the tread. Wheels of this type are ground. 
with special] machinery to obtain a good running surface. 

Wooden Wheels.—Such wheels represent the lection 
of wheel manufacture. The wood employed is invariably 
teak, and 16 segments make up the wheel. A f or 
cast-steel boss, with a plat, take securing bolts w go 
through the ents, and at the tyre circumference 
bolts go through the retaining (Mansell) rings and + 
ments, The tyre is generally forced on by hydraulic 

r , and ti heated and shrunk on, the 
being rapidly cooled by water, so as to avoid the 
of the wood. This latter is not, however, considered 
practice. When made completely up, and mounted on 
the axle, the tyres are most ly turned to exact 
diameter, and the complete wheel and axle set is then 
balanced. This is done to obtain perfect running, as if 
one wheel is slightly heavy at any particular point— 
this is tending to lift at high speeds, and spoil the smooth 
i of the vehicle. The balancing is done by 
mounting each pair of wheels and axle on a spring frame, 
and running them at 60 m.p.h. to 70 m.p.h. Few pairs 
balance exactly on the first run, and it may be necessary 
to stop them at 40 m.p.h. and screw on balance weights. 
The running is then continued, and balance weights 
screwed on and adjusted, until absolute smoothness of 
=e and absence of jump proclaims that the set is 
ect. 

The chief difficulty found with wooden wheels is 
the damage to the bolt holes in the wood caused by the 
action of the brakes, Many devices have been used to 
minimise this, the aim being always to obtain more 
bearing surface of the wood on the bolts. 

Two side lines of wooden wheels are in use, one having 
four iron arms from the boss to the tyre, with the seg- 
mental spaces in between wood-filled. The other has an 
iron disc centre of special design, and between the rim 
of this and the bore of the tyre teak blocks are fitted. 
It is known as a “ cushioned wheel.” 

Forged “ Ho'-8 ”” Wheels.—This is one of the most 
useful types of wheel, as it can be em; for carriage 
or wi stock, and is practically everlasting in service- 
There are two chief types, the single-arm and the double. 
arm. The latter is now most in favour, cast-steel wheels 
of almost identical design replacing the forged single- 


spoke. 
of the double-arm wheel had the 


The earliest t 
spoke rolled with special thick-shaped ends, as well as 
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a thick “ back,”’ or middle length. These spokes were | 


bent to triangular form, which caused the shaped ends 
to close nearly up when the seven, ®ight or nine spokes, 
as the case may have been, were assembled. The spokes 
thus assembled were got to a welding heat, and thick 
iron washers, also at a welding heat, were hammered 
on to form the boss. A later development substituted 


plain-ended spokes, with a boss lump made out of best | 


selected wrought-iron scrap, 
instead of a steam hammer. 
mee | are made in this manner. For a standard-gauge 
wheel centre the pressure necessary to form a sound boss 
is about 500 tons. 

The single-arm wheel is made in divers ways—none 
of them as simple as the double arm, and all entailing 
more welds at important points. The chief ditference 
between the two types is that, whereas in the single arm 


and a hydraulic pres: 
Practically all such wheel - 


there is a weld between the rim and the spoke, in the | 


double arm they are in one piece. The gap between the 
-_ corners of adjacent spokes is filled by a glut, pressed 
in hot. 

Forged “ Cold-Spoke”” Wheels.—This is the standard 
Britisl» wagon wheel, and it is also used to some extent 
abroad, but is not so much favoured outside this country 
as the “‘ hot-spoke,”’ It is not a suitable wheel for putting 
under stock fitted with automatic brakes, unless there is 
@ minimum of braking. For stock such as is run in these 
isiands, however, which is fitted with hand brakes only, 
and on which no prospect appears of the automatic brake, 
there is everything to recommend the “ cold-spoke”’ 
wheel, as it will last as long as the wagon, and is a very 
safe type. 

Spokes are rolled similarly to those for “ hot-spoke " 
wheels, and bent in the same machine. These spokes are 
then assembled in the press tool, and a wrought-iron boss 
lump, at welding heat, is squeezed round. More pressure 
is required to make a satisfactory ‘“‘ cold-spoke ”’ wheel 
than a similar-sized “‘ hot-spoke’’ and heavy wheels of 
the former pattern should have about 1,000 tons, 

Cast-Iron Boss Wheels.—These were largely made here 
up to ten years ago, but the process had been craped 
long before this on the Continent, and is now obsolete 
in England. Spokes were rolled as for the two types of 
forged wheel just described, assembled in a frame, and 
the molten metal cast round. The dangers of such 
wheels lay, of course, in the possible cracking of the boss 
if “high-strung”’ in the pressing on, although many 
thousands have been running for thirty years and more. 

Rolled Steel Disc Wheels.—For the manufacture of 
these, soft steel is cast into small cheeses or ingots of the 
approximate wheel weight, and of a rough shape. Alter- 
natively, blanks are cut from heavier ingots, or rolled 
rounds, Successive heatings and pressings under heavy 
hydraulic presses (up to 8,000 tons) work the blank out 
into a shape convenient for the special rolling mill. 
This mill then rolls out the web thickness to whatever is 
required, obtaining, at the same time, the correct 
diameter.. A further pressing is then given to obtain the 
necessary buckle or corrugation, which gives the boss 
off-sets, and a certain amount of stiffness to the disc. 

This type of wheel centre was first cultivated on the 
Continent, and was very largely used there many years 
before any plant was put down here to deal with its 
manufacture, There are now three plants in this 
country, with prospects of more. So far, however, it is 
extremely doubtful whether British manufacturers can 
successfully compete for price with the Continental 
makers, as they have had the advantage of several years 
additional experience in cheap production. 

The steel used for these rolled wheel centres is between 
28 tons and 32 tons tensile strength, and the centres 
are frequently tested by being dished cold. 

Rolled Steel Solid Wheels.—The fact of the tyre being 
solid with the wheel centre entails a harder quality of 
steel being used than is the case with the foregoing type, 
as 30-ton steel is not a very wearable variety for the 
rolling surface of a wheel. For the solid wheel, the steel 
is generally between 35 tons and 40 tons, and sometimes 
the tyre surface is treated, with a view to giving a 
hardening effect. 

Apart from the quality of the steel involved, the 
general process is similar to that for the manufacture 
of the rolled wheel centre. Both these types involve 
very heavy plant and machinery for their high-speed 
procensen. To balance the manufacturing cost entailed 

y the heavy plant outlay, everything must be specialised 
(and the wheels produced standardised, if possible), 
and laid out for a high output; an American plant 
working on the ingot-slab-blank-wheel basis, having, for 
instance, a manufacturing capacity of 700 wheels per 
day. This represents about 210 tons of finished material, 
which would require the whole output of three 50-ton 
steel furnaces. 

Cast-Iron Solid Wheels.—The production of these 
wheels is confined almost entirely to the United States 
of America and Canada, only two plants in this country 
doing anything in this direction, as hitherto, there has 
been no demand here, for home purposes, and very little 
for the export trade. An idea of the manufacturing 
magnitude of this wheel will best be appreciated by realis- 
ing the fact that the 50 plants in operation across the 
Atlantic have a total capacity of 20.000 wheels per day— 
say, 6,000,000 per annum. The combine guarantee 
an average life of five years per wheel, and will replace 
free of charge any wheel failing within this period. hey 
claim, however, that quantities of wheels remain in 
service up to double this time. On a general basis, of 
the number of wheels running and the capacity of the 
foundries, it would not appear that the general life is 
much over five years. The cost of such wheels at the 

resent day, compared with the forged tyred, or the 
~ solid wheel, makes them an attractive proposition, 
and it is to be feared that many of the countries which, 
up to the war, had standardised along European lines, 
will now revert to American practice in this direction. 


The original “‘ double-plate ’”’ wheel was first designed 
in 1838, and it has evolved along the same lines to the 

resent day, the increases in car capacities being balanced 

y corresponding increases in wheel weights. Standardisa- 
tion of wheel diameters and axle sizes has been one 
feature which ha: substantially tended towards the 
economical production of the chilled wheel. Four 
standard axle sizes are involved for all classes of stock— 
freight cars, passenger cars, and locomotive tenders, and 
10 types of wheel, varying in weight from 625 lb. to 
950 \b., for 4} in. by 8 in. and 6 in. by 11 in. journals, 
respectively, are arranged to cover all conditions of service, 
regard being paid to type of vehicle and general area of 
operation, as stock, to be worked regularly over mountain 
divisions, with consequent heavy braking, demands a 


| heavier type of wheel than corresponding stock running 


over normal roads. 

Careful attention is given to the selection of the metal, 
and a subsequent annealing for some days of every wheel, 
but chiefest of all, very great care has been used in the 
design, which has been modified from time to time, as 
experience has suggested. The chief danger point in 
the wheel lies in the flange, as it is not possible to stiffen 
this a owing to the standard distance of check 
rails from the running rail of 1} in., which is a world 
standard on the 4-ft. 8}-in. gauge and over. The 
modern high capacity freight car in the United States of 
America entails five times the amount of flange thrust to 
change its direction, as did the cars of the early days of 
rail-roading, and the maximum effort which can be 
made to cope with this has been an increase of } in. on 
the original flange thickness of 1} in., at the gauging 
point. The resultant is increased flange breakages, with 
potential derailments. 

One per cent. of wheels are subjected to a drop test, 
the wheel being laid horizontally upon three supports, 
and a tup of 140 lb. weight allowed to fall freely on the 
boss from a height of 12 ft. "The number of blows is from 
20 upwards, according to the weight of the wheel, and 
it must withstand these without fracture into distinct 

arts. 

J One per cent. are subjected to a “thermal test,” 
molten metal being poured round the tread. Two 
minutes after the pouring has ceased, the wheel is 
examined, and should it have broken, or be found with 
any cracks from plate to tread, the lot is rejected. 

lid-cast steel wheels, or forged steel wheels, when 
worn to the gauge limits, frequently have the tyre portion 
turned off, and are then fitted with rolled steel tyres. 
Such course of action is never carried out with the cast- 
iron wheel, which is virtually done for when the chill is 
worn through. 

In a general sort of way, the various world types of 
wheels have now been reviewed, and the remainder of the 
paper will be devoted to certain essential details. 

Tyre Fastenings.—It is obvious that unless an efficient 

securing means is employed to attach the rolled tyre 
firmly to the wheel centre, in a two-part wheel, an 
element of risk is encountered. The solid wheel advo- 
cates, with a certain show of reason, base their arguments 
on the attachable, and, to their minds, detachable, 
tyre. 
The earliest fastening consisted merely of a rivet through 
the wheel rim and the tyre. Accidents were continually 
happening in those early days through welded tyres 
breaking, and then stripping off the wheel. The first 
really sound fastening was introduced concurrently 
with the wooden wheel in the ’sixties, namely, the 
“‘Mansell” type, with two retaining rings. No other 
type can be used with wooden wheels, and it is also largely 
employed for forged spoke wheels. It is a very strong 
and solid fastening, and also very expensive, compared 
with later developments, and with the impending 
decease of the wooden wheel, and the present high prices 
of all things, will ultimately fade away. 

Numerous cheaper and simpler retaining rings are now 
employed—in this country very largely the ‘‘ Gibson.” 
The retention and fixing of all modern rings turns upon 
the tyre closing down firmly on them. This is done 
immediately after the tyre has shrunk tightly on to the 
centre, either by means of a small power hammer, or a 
hydraulic rolling machine. 

The original idea of a ring was, as has been pointed 
out, to keep the tyre on the wheel should it fracture, 
but breakages of tyres to-day are not worth counting. 
The ring, however, provides one of the simplest forms of 
securing a tyre, and is the only practicable type for 
rolled dise centres. 

Many railways prefer a set screw fastening, some 
having the screw tapped into the rim and tyre, others 
plain in the rim and tapped in the tyre, and others tapped 
in the rim and plain in the tyre. It is a moot point 
whether a set screw weakens a tyre sufficiently to cause 
fracture, as is sometimes argued. It is more in favour 
for locomotive work than any other form of fastening. 
One advantage attaches to a set screw, namely, the tyre 
cannot rotate on the centre, as sometimes happens if the 
shrinkage allowance has been light, and braking causes 
expansion. It is a very usual practice, with ringed 
wheels on braked stock, to introduce locking pieces 
between the tyre and the rim of the wheel to prevent 
such rotation. 

It is possible to secure the tyre to the centre with a 
shrink fit only, a small lip on the inside of the bore 
expanding sufficiently when the tyre is heated to allow 
the centre to drop in, the subsequent cooling of the tyre 
bringing back the lip over the wheel. 

Azles.—The size of the axle is determined primarily 
by the size of the journal. Many decades of experience 
have dictated a standard figure of bearing pressure, 
and all railways throughout the world are employing 
the same designing factor, of 250 lb. to 350 lb. per square 
inch of nominal bearing surface. A 12-ton wagon, tare 
——_ capacity 12 tons, total 18} tons, less 1} tons for 
wheels and axles, gives 17 tons on four journals, or 4} tons 


journal, These are 4} in. by 9 in., total 38} sq. in. 
Preceare per square inch, peunined, 250 lb. A locomotive 
driving axle, journals 8 in. by 9 in., carries 16 tons, 8 tons 

r journal, excluding weight of wheels and axle, or 

50 Ib. per square inch. Journals should be increased 
in length rather than diameter, to obtain greater bearing 
weights, as an increase in the latter means a higher 
superficial s) , and consequently a higher frictional 
resistance. The limit of length of outside journals is, 
however, determined by the loading gauge, which, in 
European practice, confines them to a maximum of 
about 10 in. American practice loads up to 350 lb. per 
square inch, nominal, ond furthermore, is now employing 
journals 12 in. long. 

The expression “nominal pressure” is used as, in 
actual practice, the whole calculated bearing area of 
the journal is not employed. Obviously, the most useful 
locus for a unit weight of bearing metal is the top of the 
journal, and railway axle-box bearings do not, as a rule, 
come down within some distance of the centre line of the 
axle. The angle subtended by the bearing brass is 
anything between 60 deg. and 120 deg., according to the 
stand practice on various lines. Taking the actual 
bearing area, therefore, the pressures are higher than the 
nominal—being actually 400 lb. and 350 lb. in the two 
cases quoted for the wagon and locomotive respectively, 
as against 250 lb. worked out on the full journal size. 

Many designs of locomotives have been made with 
four bearings per driving axle, and others with three, 
owing to limitation of length between the insides of the 
frames, and modern examples of this type have brought 
the weight per square inch down to under 200 Ib. nominal. 
It is doubtful, however, as to whether such practice 
justifies its expense, as double frames, or a middle 
auxiliary frame, are ni , and the majority of loco- 
motives, working at 250 Ib. to 300 lb. nominal, give very 
little trouble. The whole thing turns on the lubrication 
facilities embodied in the axle-box design, which is outside 
the scope of this paper. 

Except for locomotive work, axles are generally left 
black between the wheel seats, and forged with taper 
middles, the idea being to give them a certain amount of 
flexibility. This was perhaps achieved in the days of 
iron axles with 4-in. middles. It is a nice point to-day, 
however, as to which is likely to prove the more flexible, 
a 6-in. steel axle or modern permanent-way. Track, as 
universally laid, is elastic. Early railway engineers 
made it absolutely rigid, and found, in consequence, 
extremely hard running and continual breakages of all 
running gear. With modern steel development, and high- 
capacity rolling mills, rolled bar-axles, with journals and 
wheel seats machined from the solid, should prove more 
economical, and quite as efficient as the general forged 
variety. 

For high-class carriage stock, such as employs wooden 
wheels, it is, of course, necessary to turn the axles 
all over to obtain the correct balancing, as the average 
— axle is not impressive as regards accuracy of the 
middle part. 


Breakages of axles are very rare, the majority being 
locomotive crank axles. Ordinary straight axles on 
locomotive service are generally guaranteed for 200,000 
miles run. The heaviest service employing straight 
axles is undoubtedly the electric railway, as the low 
centre of gravity of the motor bogies, counbined with the 
unspring-borne motor weight which takes its bearing on 
the axle, gives very severe operating conditions. With 
railways necessitating the employment of motor coaches, 
this state of affairs is in permanence; but electric 
locomotive development has now removed itself from 
the axle-borne motor design, and taken to steam practice, 
the heavy driving motors being mounted on the frames, 
all the weight being thus spring borne, and driving the 
running wheels by couplings and connecting rods. 

The bulk of axles (excluding crank axles) that fail, 
break at the back of the wheel seat, which receives the 
severest shocks in running, owing to the leverage from 
the flange. Generally some small tool mark or defect 
forms the commencement of the break, and it is of great 
importance that the axle is smoothly finished behind 
the wheel. In the design of axles, special care must be 
taken to avoid square corners in altering the diameters, 
good radii being essential at all such points. 

Fixing of Wheels on Azxles.—All classes of wheels 
are now pressed on to their axles by hydraulic pressure. 
The general rule is to allow 10 tons to 12 tons per inch of 
wheel-seat diameter, a 6-in. wheel seat, for example, 
would be permitted a forcing-on pressure of 60 tons to 
72 tons. Keyways in wheels are completely obsolete, 
except for locomotive driving and coupled wheels, where 
they act more as a position register for the crank-pin 
displacements, than as securing devices. The pressing 
of wheels on to their axles is the most important item 
involved in their manufacture, as serious results are likely 
to occur should a wheel move in service, as has happened 
when the putting on pressure has been deficient. The 
running shocks against check rails or frogs always tend 
to move a wheel, and if put on light such movement will 
eventually occur, and lead to a derailment. It is com- 
pulsory by specification for all presses to be fitted with 
automatic recording gear, which registers every wheel 
Ss and, in addition, for coaching stock in Great 

ritain, every wheel is submitted to a drawback, or 
reverse pressure, of 50 tons. In earlier days, when wheel 
fits were less reliable, keys were always depended upon 
for securing purposes, but the necessary axle slot and 
wheel-boss slot, were danger points, leading to many 
breakages, which facts have ultimately resulted in the 
complete banishment of the key. 





Yacut Burt at Porrsmourn.—In the paragraph 
under the above title on page 14 ante, the name of 
Messrs. Vosper and Co,, Limited, Portsmouth, the 
builders of the yacht referred to, was omitted by 
inadvertence. 





